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ABSTRACT 
 
 
As early as 1971, some Sudanese researchers, started to investigate the potentiality of 
the locally available fibrous raw materials for forest industries, namely pulp and 
papermaking. As part of this project and to coupe with the most recent pulping and 
bleaching technologies, six wood species (Acacia seyal var. seyal; Acacia seyal var. 
fistula; Eucalyptus citriodora; E. tereticornis; E. camaldulensis; and E. microtheca 
were investigated in the present study.  
The overall objective of this research is to add to the knowledge about the pulping 
potential of the Sudanese raw materials for future pulp and paper industry. The 
specific objectives are: 1) to find out the environmentally most suitable activated 
alkaline pulping method for each of the six species; and 2) to establish the optimum 
totally chlorine-free bleaching sequence for each of the pulps obtained.  
The two Acacia samples were collected from the Blue Nile State (South East of the 
Sudan), Eucalyptus citriodora and tereticornis were collected from Gebel Merra 
Forests (Darfur, West of the Sudan), and E. camaldulensis and E. microtheca were 
collected from Kenana Sugar Company Forest (Central Sudan). 
The basic density of Acacia seyal var. fistula was of 669 and var. seyal of 692 kg/m3, 
which are above the average of the usual density range for commercial pulpwood. E. 
citriodora, E. tereticornis, E. camaldulensis and E. microtheca were in the range of 
531- 695 kg/m3. 
The bark-to-wood ratios of the six studied species were within the acceptable range 
for the pulpwood and even somewhat lower in the young Acacias.  
The average fiber lengths of Acacia seyal var. seyal and var. fistula were found to be 
short (0.8mm) whereas their wall was found to be thin, especially for var. fistula (2.3 
and 1.4µm respectively). On the other hand the fiber lengths of Eucalyptus citriodora 
and camaldulensis (0.8mm) were similar to that of the two varieties of Acacia seyal 
 xvi
whereas that of E. tereticornis (0.5mm) was noticeably short. Their fiber width is 
comparatively thin and also similar to that of the Acacia. 
The variety seyal was found to be of somewhat higher cellulose content (46.5% 
compared to 45.3% in variety fistula) but the variety fistula had lower lignin content 
(18.3% compared to 19.1% in variety seyal). 
The eucalypts were found to be of low ash content (0.8%) and also low silica contents 
(0.1%). They had lower extractives content compared to the two Acacias.  
Eucalyptus citriodora was of the highest cellulose content among the six studied 
species (48.2%) whereas E. microtheca was of the lowest (42.3%). E. citriodora and 
tereticornis had considerably higher lignin content than that of the Acacias (22.7 and 
23.5% respectively).  
Four cooking methods were applied: kraft; kraft-AQ; soda-AQ; AS-AQ; and ASAM, 
except for E. camaldulensis and E. microtheca where only kraft and ASAM were 
applied.  Totally chlorine-free (TFC) bleaching was carried out for kraft and ASAM 
pulps of Acacia seyal var. fistula and Eucalyptus citriodora. Five-stage bleaching 
sequence (O/Q/OP/Q/P) was applied.  
Kappa number for Acacia seyal var. fistula pulps was found to be around 20 in kraft, 
kraft-AQ, soda-AQ and AS-AQ cooks but it was considerably lower in ASAM cooks 
(14.1 and 16.9).  
The lowest pulp yield was produced in kraft cook of Acacia seyal var. seyal (42.2%) 
and highest in ASAM1 of Eucalyptus citriodora (48.0%). Negligible rejects were 
noticed in kraft, kraft-AQ and soda-AQ, while in AS-AQ and ASAM cooks 
somewhat higher but still acceptable rejects were attained.  
The unbleached pulps produced in ASAM cooks showed considerably high initial 
ISO brightness compared to the other pulps. 
E. citriodora seemed to be easier to cook than the other eucalypts and especially E. 
tereticornis even when higher alkali charge was employed for the latter. The kappa 
number attained ranged between 22 in soda-AQ down to 13.8 in ASAM1 for E. 
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citriodora and between 31.9 in kraft and soda-AQ to 27.1 in kraft-AQ for E. 
tereticornis. For E. camaldulensis the kappa numbers were 24.4 and 20.3 in kraft and 
ASAM pulps respectively and 25.8 and 26.0 in kraft and ASAM pulps of E. 
microtheca. 
E. tereticornis was found to behave somewhat different as compared to the Acacias 
or even to the other eucalypts. Extra alkali charges were needed in AS-AQ cooks to 
obtain pulps of acceptable degree of delignification with acceptable rejects.  
ASAM pulps of Acacia seyal var. fistula were of the highest tensile strength (70.9-
77.7 Nm/g) compared to the other pulps, the tensile index of AS-AQ1 resembles that 
of ASAM pulps whereas AS-AQ2 and soda-AQ pulps were of the lowest tensile 
strength (58.9 and 54.8 Nm/g, respectively). Bleaching process did not affect the 
tensile strength. Also the ASAM pulps of this species were of the highest tear and 
burst strengths. 
AS-AQ1 and ASAM2 pulp of Acacia seyal var. seyal were of the highest tensile 
index (72.5 and 72 Nm/g respectively). ASAM2 pulp of this species was of the 
highest tear (10.2 mN*m2/g) and soda-AQ the lowest (7.5 mN*m2/g). Burst strength 
was highest in ASAM2 and lowest in soda-AQ (4.9 and 3.4 kPam2/g, respectively). 
Kraft, kraft-AQ and soda-AQ pulps of Eucalyptus citriodora were found to be of 
higher tensile index compared to the Acacias ones (76.9, 75.2 and 61.7 Nm/g 
respectively) but those of AS-AQ1 and ASAM pulps were more or less similar to 
those of Acacia seyal var. fistula and somewhat higher than of var. seyal. ASAM 
pulps of E. camaldulensis and E. microtheca had fairly higher tensile index (81.7 and 
80.6 Nm/g respectively) compared to kraft pulps (73.1 and 68.6 Nm/g respectively). 
ASAM pulps were of also higher burst strength. Tear index (8.7 mN*m2/g) of E. 
camaldulensis ASAM pulp was higher than that of kraft pulp while in E. microtheca 
tear index was the same (7.1 mN*m2/g). 
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Since the two Acacias mostly behave similar and Eucalyptus citriodora was found to 
be the best of the Eucalyptuses, .Acacia seyal var. fistula and E. citriodora kraft and 
ASAM pulps were chosen for Totally Chlorine Free (TCF) bleaching sequence.  
The ISO brightness of 88.3 and 88.9% were attained at the final bleaching stage for 
kraft and ASAM pulps of Acacia seyal var. fistula and 88.9 and 87.5% for Eucalyptus 
citriodora, respectively.  
Considerable loss of viscosity is noticed, 914 ml/g viscosity of the unbleached AF2 
pulp was dropped to reach down to 700 ml/g. More severe loss was noticed in the 
EC2 (1129 ml/g for the unbleached pulp compared to 732 ml/g). This may be 
attributed to the removal of a considerable portion of the remained hemicelluloses. 
The viscosity of AF10 bleached pulp was found to be 902 ml/g compared to 1112 for 
the unbleached pulp whereas in EC19 pulp it was 821 and 1173 m/g.  
  
 
 
 
 
 
 
 
CHAPTER ONE 
 INTRODUCTION 
 
 
 
 
 
 
 
 
 
 1
1. INTRODUCTION 
Innovation in design and processing of forest products is essential to meet the 
challenges of 21st century. Forests and forestry attitudes toward their use are changing 
while demand for wood in its various forms increases with the population. 
Engineered wood products offer new opportunities to meet consumer needs from a 
diverse resource. In addition, processes such as nondestructive evaluation, recycling 
of wood and paper, and advances in pulping and papermaking offer new possibilities 
for managing the forest for its many uses (Hammett and Youngs, 2002). 
Paper has been produced in various forms since the dawn of civilization. For a long 
time old paper, rags and cotton linter were the basic inputs for paper, which was 
essentially hand-made. During the last half of the nineteenth century and the first half 
of the twentieth century a series of process innovations occurred that revolutionized 
the pulp and paper industry: groundwood mechanical pulping (1844), soda pulping 
(1851), sulphite pulping (1866), semichemical pulp (1880), kraft pulp (1884) and 
thermomechanical pulp (1939)  (Kundrot and Tillman, 1987). These technologies still 
provide the foundation of modern papermaking, as in other mature, scale-intensive 
sectors such as steel or concrete, the emergence of information technology has 
contributed significantly to improve process technology in the pulp and paper 
industry: of all the changes made over the past fifty years, control system designs 
have shown the most revolutionary changes (Nelson, 1995). For instance, they are the 
enabling factors for process management aimed at optimizing the complete sales-to-
delivery cycle with respect to costs, flexibility (including the just-in-time delivery of 
small lot sizes), quality, and process documentation (Leffler, 1993).  
Next to chemistry and information technology as the major constituents of paper 
technology, life sciences and medicine have become more relevant for the pulp and 
paper industry during the past decades. In face of potential dangers emanating from 
processes with hazardous chemicals, medicine, biology, biotechnology and 
environmental technology are nowadays indispensable in assessing and reducing the 
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impact of production processes and products on the human health and the 
environment. Moreover, life sciences are employed to tackle the raw material issue in 
the pulp and paper industry; for example, life sciences studies are being carried out on 
sustainable wood fiber producing crops. Biotechnology research is developing natural 
fiber with reduced lignin content for efficient pulping (CEPI, 1995). 
The manufacture of pulp and paper involves the separation and purification of 
cellulosic wood fibers from which paper is formed. About half of the wood raw 
material is cellulosic fiber, and half is lignin, hemicelluloses, and other extractive 
compounds that cement and strengthen the fibers. The pulping process involves either 
the use of chemicals, heat, and pressure in a digester to dissolve the lignin and free 
the fibers from one another or, in the case of mechanical pulp and chemical-
mechanical pulp, the abrasion of wood in a grinder or refiner to physically tear the 
fibers apart (Office of Technology Assessment, 1989). 
The removal of the remaining lignin (after chemical pulping) that is still closely 
bonded to the pulp occurs through a series of bleaching stages. Prior to the late 1980s, 
elemental chlorine was commonly used in the first stage of bleaching. Environmental 
concerns, however, have lead to increasing use of alternative chemicals such as ozone, 
hydrogen peroxide, enzymes, and chlorine dioxide. Not all the alternative bleaching 
chemicals are applicable to all types of pulp bleaching and the selection of chemicals 
is also driven by cost considerations. Bleaching is used for different types of paper, 
varying from unbleached pulps, to brightened newsprint, to highly white printing 
paper (Martin et al, 2000). 
The manufacture and use of paper is one of the world’s biggest industries. It takes 
place in: pulp mills, which process wood chips and other materials to make pulp; 
paper mills and board mills, which use pulp or waste paper to produce finished paper 
and board; paper converters, which use paper or board to produce boxes, tubes, rolls 
of tissue, boxes of blank office paper, stacks of printing paper cut to standard sizes, 
etc.; printers, who usually buy from converters, although larger firms such as 
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newspaper presses may buy directly from the paper mills; and “integrated” mills, 
which make pulp and then use it themselves to make paper. These industries are huge, 
highly mechanized, and efficient (Barr et al, 1986). The world paper and paperboard 
production continue its growth in most of the last two decades. For instance the world 
production of chemical pulp, (Table 1) was 171.3 million metric tones and had been 
increasing from 156.6 million metric tones in 1996. Sudan imports almost all its need 
from paper and paper products, (Table 2). The value of these products was found to 
be 23.2 million US$ (FAO, 2001).  
 
Table 1.1. World production of wood pulp 
Production 1000 MT 
 1996 1997 1998 1999 2000 
World 156,607 162,656 160,431 163,775 171,319 
Africa 2,442 2,797 2,768 2,687 2,687 
North and Central America 84,399 85,884 83,924 84,226 85,676 
South America 9,464 9,640 9,950 10,468 11,090 
Asia 18,645 19,774 18,188 19,811 22,403 
Europe 39,342 42,204 43,246 44,234 46,842 
Oceania 2,314 2,357 2,354 2,349 2,621 
Source: FAO, 2001 
As early as 1971, some researchers started to investigate the potential of the locally 
available fibrous raw materials for pulp and papermaking, composites and charcoal 
making (Khristova, 2004). A lot of scientific papers have been published. These 
investigations included hardwoods such as Balanites aegyptiaca and Moringa 
oleifera (Khristova et al., 1997), Acacia seyal var. seyal and var. fistula, Acacia 
mellifera (Khristova et al., 1998), Acacia nilotica subspecies adansonii, nilotica and 
tomentosa (Khristova and Karar, 1999) and Calatropis procera, exotic hardwoods 
like Eucalyptus camaldulensis, E. microtheca, E. paniculata, E. tereticornis Grevillea 
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robusta, Azadirachta indica, Cassia siamea, Leucaena leucocephala, Conocarpus 
lancifolius, and Prosopis chilensis. They also include softwoods such as Pinus 
radiata (Khristova et al, (1990) and Cupressus lucetanica; in addition to non-woody 
plants such as Cyprus papyrus, Oxytenanthera abyssinica- bamboo (Khristova et al, 
1971, 1974, and 1975 and Khristova and Gabir (1983) and kenaf (Khristova et al, 
1998). Moreover some industrial and agricultural wastes were also studied including 
bagasse, cotton stalks (Gabir and Khristova, 1983), sorghum stalks (Khristova and 
Gabir, 1990), and sunflower (Khristova et al, 1998) and guar stalks and Hibiscus 
sabdarifa - karkadeh (Khristova and Tissot, 1995). 
 
Table 1.2. Imports and values of paper and paperboard 
 Imports, 1000MT Values, 1000$ 
 1996 2000 1996 2000 
Paper and Paperboard 16 14 10,127 9,991 
Newsprint 4 3 2,146 1,167 
Printing and Writing Paper 8 6 5,943 4,103 
Other Paper and Paperboard 4 6 2,038 4,721 
Wrapping and Packaging Paper and Paperboard 4 5 2,038 3,237 
Source: FAO, 2001. 
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1.2 OBJECTIVES 
1.2.1 Overall Objective 
The overall objective of this research is to add to the knowledge about the pulping 
potentials of the Sudanese raw materials for future pulp and paper industry. 
 
1.2.2 Specific Objectives 
The specific objectives are: 
a. To find out the environmentally most suitable activated alkaline pulping method 
for each of the Acacia seyal var. seyal; Acacia seyal var. fistula; Eucalyptus 
citriodora; E. tereticornis; E. camaldulensis; and E. microtheca. 
b. To establish the optimum totally chlorine-free bleaching sequence for each of the 
pulps obtained. 
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2. LITERATURE REVIEW 
2.1 WOOD STRUCTURE AND COMPOSITION 
The anatomical structure of wood affects strength properties, appearance, resistance 
to penetration by water and chemicals, resistance to decay, pulp quality, and the 
chemical reactivity of wood. Woods are either hardwoods or softwoods. Hardwood 
trees (angiosperms, i.e., plants with covered seeds) generally have broad leaves, are 
deciduous in the temperate regions of the world, and are porous, i.e., they contain 
vessel elements. Softwood trees (conifers or gymnosperm, i.e., plants with naked 
seeds) are cone bearing, generally of scale-like or needlelike leaves, and are 
nonporous, i.e., they do not contain vessel elements (Othmer, 1998). 
Wood density is determined largely by the relative thickness of the cell wall and by 
the proportions of thick-walled and thin-walled cells present (Othmer, 1998). 
2.1.1 Gross Anatomical Features 
A cross section of a tree (Fig. 2.1) shows the following well defined features (from 
outside to center): bark, which may be divided into an outer corky dead part (A) and 
an inner thin living part (B); wood, which in merchantable trees of most species is 
clearly differentiated into sapwood (D) and heartwood (E); and pith (F), a small core 
of tissue located at the center of tree stems, branches, and twigs. Sapwood contains 
both living and dead tissue and carries sap from the roots to the leaves. Heartwood is 
formed by a gradual change in the sapwood and is inactive. The wood rays (G), 
horizontally oriented tissue through the radial plane of the tree, they connect various 
layers from pith to bark for storage and transfer of food. The cambium layer (C), 
which is inside the inner bark and forms wood and bark cells, can be seen only with a 
microscope (Forest Products Laboratory, 1999) 
The cells that make up the structural elements of wood are of various sizes and shapes 
and are firmly bonded together. Dry wood cells may be empty or partly filled with 
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deposits such as gums, resins, or other extraneous substances. Long and pointed cells, 
known as fibers or tracheids, vary greatly in length within a tree and from species to 
species. Hardwood fibers are ~1 mm long, and softwood fibers are ~3 to 8 mm. Just 
under the bark of a tree is a thin layer of cells, not visible to the naked eye, called the 
cambium. Here, cells divide and eventually differentiate to form bark tissue outside 
of the cambium and wood or xylem tissue inside of the cambium. This newly formed 
wood on the inside contains many living cells and conducts sap upward in the tree, 
and hence, is called sapwood. Eventually, the inner sapwood cells become inactive 
and are transformed into heartwood. This transformation is often accompanied by the 
formation of extractives that darken the wood, make it less porous, and sometimes 
provide more resistance to decay (Othmer, 1998). 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.1. Cross section of white oak tree trunk: (A) outer bark (dry dead tissue, 
(B) inner bark (living tissue, (C) cambium, (D) sapwood, (E) 
heartwood, (F) pith, and (G) wood rays.
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2.1.2. Anatomy 
The basic building unit of wood is the cell. A piece of lumber is composed of vast 
numbers of these elements, all held together as a natural composite material by an 
intercellular substance rich in lignin. These cells which may be as small as 25 
micrometers (µm) in diameter (approximately 1/1000th of an inch) (Core et al, 1979). 
There are several different kinds or types of cells in wood, but it should be recognized 
that cell shapes and functions overlap. Also, cells in arrested stages of development 
may occur. Based on function, three rather distinct categories maybe recognized. 
These are parenchyma, vessel elements, and fiber (Core et al, 1979). 
Parenchyma cells retain their protoplasts (are living) as long as they are in the 
sapwood and serve as storage cells; a few assume specialized functions. Ray 
parenchyma also serves as communication channels radially from the cambium to the 
sapwood. Vessel elements are unique to the hardwoods and are primarily water 
conducting. Connected axially, they form long, segmented structures known as 
vessels. The protoplasm dies shortly after differentiation. Fibers are of several 
different types, but the major functions appear to be those of support in the 
hardwoods, and support and conduction in the softwoods (Core et al, 1979). 
In Figure (2.2) cells from both softwoods and hardwoods are illustrated at equivalent 
magnification so that comparison of size and shape can be readily made. If the 
softwood tracheids (Figure 2.2e) were examined in cross-section, its shape would 
suggest that it fits into a more ordered arrangement than the vessel segments (Figures 
2.2a, b, and c) or the libriform fiber (Figure 2.2d) from hardwoods. Softwoods do 
appear to be of simpler structure, with tracheids arranged in radial rows and 
representing the only major type of longitudinal element. Hardwoods have many 
types of longitudinal elements and there is generally far less radial arrangement than 
in coniferous woods. Axial (strand) parenchyma may be absent, sparse, or abundant 
in both hardwoods and softwoods. The occurrence, arrangement, and, to some extent, 
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the sculpturing may be of diagnostic value. Cell size and cell shape as well as pattern 
of cell distribution are characteristic for each hardwood species (Core et al, 1979). 
The tracheid in conifers is a long cell (average 3.5 to 5 mm) with rounded or tapered 
ends. In earlywood tracheids the cell cavity or lumen is larger, but in latewood 
tracheids it is much narrower. As tracheids provide both conduction and mechanical 
support there is less specialization of structure than in hardwood elements. The walls 
are marked by bordered pits which provide pathways for conduction of fluids to 
adjoining tracheids (Core et al, 1979). 
Other cell types in softwoods include ray parenchyma, a short, brick-shaped cell 
oriented horizontally in the wood ray (Core et al, 1979). A special parenchyma cell is 
found surrounding resin cavities in conifers. This type of cell is the source of resin 
which is secreted into the cavity.  
Vessels are not found in softwoods, but they occur invariably in all native hardwoods. 
The vessel is an articulated structure composed of an indeterminate number of vessel 
elements, a cell type that has openings or perforations at either end and is aligned 
vertically with other elements to form a continuous channel. The cross-section of a 
vessel is known as a pore. Vessel elements have many shapes and sizes varying with 
species and location within a growth increment (Core et al, 1979). 
2.1.3. The Cell Wall Organization 
In normal cell walls of both softwoods and hardwoods, the cellulose microfibrils are 
aggregated into thin lamellae which are, in turn, organized into layers. The walls 
usually contain three layers of secondary origin, that is, the portion of the cell wall 
that was produced by the living protoplasm of the cell. The outer envelope of the cell 
is termed "primary wall" and consists of a loose network of microfibrils with other 
materials as well. This primary wall exists at the time the cell is formed in the 
cambium (Core et al, 1979). 
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Figure 2.2. Photomicrographs of some hardwood and softwood cell types illustrating 
the comparative size and shape of various elements. Note especially how 
much longer the coniferous tracheid (e) is than the vessel segments (a, b, 
and c). A libriform fiber is shown at (d). To give an indication of scale, 
the softwood tracheid is approximately 3.5 mm. in length. 
 
The secondary wall layers are designated as S1, S2, and S3, from the outside to the 
inner layer lining the cell lumen. Within each layer the microfibrils are oriented more 
or less uniformly into a rather dense parallel array. The S1 has its microfibrils 
oriented predominantly almost perpendicular to the long axis of the cell. The S2 is the 
principal layer of the wall. It is generally thicker than either the S1 or the S3 and 
since it is oriented approximately parallel to the cell axis, it contributes most to the 
mechanical properties of the cell. Finally, the S3 is a thin layer having its orientation 
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parallel that of the S1. In essence then, there is a natural three-ply construction within 
the normal cell wall (Figure 2.3). This structure provides stiffness and other 
characteristics that make the wood cell unique for its size and related physical 
behavior. Some species of wood will exhibit an additional layer over the S3 in the 
form of a rough or warty surface (Core et al, 1979). 
The hemicellulose and lignin are present, but their amorphous nature makes their 
detection by this means difficult.  
Although most native woods have three-layered secondary walls, there are conditions 
under which both hardwoods and softwoods produce cells having fewer or more 
layers (Core et al, 1979). 
2.1.4. Fiber Morphology and Dimensions 
The term fiber, as here used, designates any type of wood cell that is retained in the 
wood pulp. The majority of these cells are tracheids in the case of softwoods and the 
fibrous cells, i.e., libriform fibers, fiber tracheids, tracheids and some of the longer 
vessels elements in the case of hardwoods (Panshin and DeZeeuw, 1970). 
Softwood fibers are longer and more slender than hardwood fibers. The fibers of 
softwoods and hardwoods as well as showing great differences in length are 
fundamentally different in other characteristics. Softwood fibers (tracheids) combine 
the function of conduction and support and, although those species with distinct 
growth rings show some quantitative differences, in general they are sausage shaped 
with abundant, fairly large, bordered pits. Hardwood fibers on the other hand are 
principally structural cells. The fiber-tracheid is considered to be transitional form 
between tracheids and libriform fibers (Bamber, 1985). 
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Figure 2.3. Diagram summarizing the structural evidence now available to 
characterize the organization of the wood cell wall. P = primary wall; 
ML = middle lamella or intercellular layer; S1, S2, and S3 refer to the 
outer, middle, and inner layers of the secondary wall, respectively; W 
= warty layer.  
 
The length of the softwood tracheids varies form 1-11 mm and is usually 2-5mm in 
the commercially important species. The hardwood libriform fibers are shorter "about 
1-2 mm". The vessel elements are often wide and short, with thin walls. Their 
diameter may be as small as 0.02 mm and some times as large as 0.5 mm, and their 
length shows similar variations as large as 0.5mm. The parenchyma cells are 
generally short (0.02-0.2mm) (Rydholm, 1965). 
The principle factors which control the characteristics of paper, such as its strength, 
density, porosity, surface qualities, etc., are: Properties of the individual fibers, the 
distribution and the form of the fibers, i.e., whether the fibers are straight or curved 
within the sheet of paper, and the ability of the adjacent fibers surfaces to form a bond 
with one another Three variables are considered to be of importance in the physical 
characteristics of pulp and paper. These are fiber density, fiber length, and fiber 
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strength Fiber density has a positive effect on the yield of pulp. When expressed 
either as thickness of the cell wall or as the ratio of wall thickness to cell diameter it 
is one of the most important factors influencing the characteristics of the resulting 
pulp and paper (Panshin and DeZeeuw, 1970). 
In general the tearing strength is highly correlated to fiber length, thus tear is inferior 
in the short-fibered pulp. Some long fibered plant species give pulp of unusually high 
tear. However, a classification of paper pulps according to fiber length alone is 
misleading since other fiber dimensions as well as the chemical composition are 
important. Comparatively thick-walled fibers with narrow lumen preserve their pipe-
like shape during the beating and sheet forming processes, and are therefore less 
elastic and give rise to fewer fibers bonding area than the thin-walled fibers 
(Rydholm, 1965). 
Cross-sectional morphology can be broken into radial and tangential cell wall 
thickness and lumen diameter. Each of these parameters could be considered relative 
to the other, like Runkel ratio, which is based on the ratio of the twice the cell wall 
thickness divided by the lumen diameter. In general, fibers with high Runkel ratio are 
stiffer, less flexible and form bulkier paper of low bonded area than low Runkel ratio 
fibers (Khristova, 1990). This effect is related to the degree of fiber collapse during 
paper drying as mentioned above with fiber density. 
The ratio of fiber length to its width (felting ratio), the ratio of the cell wall thickness 
and cell lumen width and the ratio of fiber diameter to wall thickness, are of great 
importance for paper properties (Higgins 1977). The wall fraction, or percentage of 
fiber wall to the fiber radius, is considered as an indication for the plasticity of fiber 
(Rydholm, 1965). 
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2.2. CHEMICAL COMPOSITION OF WOOD 
The major chemical component of a living tree is water, but on a dry weight basis, all 
plant cell walls consist mainly of sugar-based polymers (carbohydrates) that are 
combined with lignin with lesser amounts of extractives, protein, starch, and 
inorganics. The chemical components are distributed throughout the cell wall, which 
is composed of primary and secondary wall layers. Chemical composition varies from 
plant to plant, and within different parts of the same plant. Chemical composition also 
varies within plants from different geographic locations, ages, climate, and soil 
conditions (Han and Rowell, 1997). 
2.2.1 Main Chemical Components 
The carbohydrate portion of the vast majority of plants is composed of cellulose and 
hemicellulose polymers with minor amounts of other sugar polymers such as starch 
and pectins. The combination of cellulose and the hemicelluloses are called 
holocellulose and usually accounts for 65–70 percent of the plant dry weight. These 
polymers are made up of simple sugars, mainly, D-glucose, D-mannose, D-galactose, 
D-xylose, L-arabinose, D-glucuronic acid, and lesser amounts of other sugars such as 
L-rhamnose and D-fucose. These polymers are rich in hydroxyl groups, which are 
responsible for moisture sorption through hydrogen bonding (Han and Rowell, 1997). 
 
2.2.1.1. Cellulose 
Within the context of the polymer hypothesis, developed in the early decades of the 
twentieth century, cellulose has been recognized as the linear β - (1-4)-linked 
homopolymer of anhydroglucose. More recently, it has been noted that it is more 
accurate to define it as the homopolymer of anhydrocellobiose, since such definition 
explicitly incorporates the identity of the linkage. Given this definition, it might be 
anticipated that the nature and the chemical behavior of cellulose could be understood 
in terms of the chemistry of its monomeric constituents together with considerations 
arising from its polymeric nature. The reality, however, is that the chemical or 
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physical transformations of particular samples of cellulose are as much reflections of 
their history and their states of aggregation as they are of the chemistry of their 
monomeric constituents. The unusual nature of cellulose in its aggregated states is 
perhaps best represented by its relationship to water; a primary structure with three 
hydroxyl groups per pyranose ring would, in the normal course of events, be expected 
to be quite soluble in water and aqueous-media. But it is in fact essentially insoluble, 
and this characteristic is but one of the many unusual patterns of behavior of the 
aggregated states of cellulose (Atalla, 1999). 
 
 
 
 
 
Figure 2.4. Structure of cellulose (Atalla, 1999). 
 
2.2.1.2. Hemicelluloses 
The term hemicellulose was assigned to those non-glucosidic carbohydrates which re-
degraded by acid hydrolysis more rapidly, and extracted with alkali solution to a large 
extent than is cellulose. Further studies revealed that some non-glucosidic 
components were quite resistant to hydrolysis and alkali extraction, which made it 
evident that a sharp definition could not be made on such ground. As the 
heterogencly of the hemicelluloses fractions become increasingly used, 
hemicelluloses are defined as all other than cellulose polysaccharides, with exception 
of substances which occur only occasionally, during the sapping period or not in 
close association with cellulose. Pectic substaces and starch are not thus considered as 
hemicelluloses (Rydholm, 1965). 
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The hemicelluloses of hardwoods are usually present in greater amounts than those of 
softwoods. Hemicelluloses are the most hygroscopic of the major cell wall 
constituents (Morey, 1973). 
2.2.1.3. Lignin 
The lignin from its morphology, is defined as a system of tridimentional polymers, 
which permeate the membraneous polysaccharides and the space between the cells, 
thereby strengthening them (Pearl, 1967), and to some extent, water- proofing the 
structure (King and Laidlaw, 1970). This system is distinct from the extractives 
(soluble in neutral solvents), proteineous material, inorganic components, and 
polysaccharides (Pearl, 1967). 
In terms of its chemical structure lignin is not a constitutionally defined compound 
but is a group or system of high-molecular-weight amorphous materials that are 
chemically closely related (Pearl, 1967). 
Softwoods lignin is largely made up of guiacylpropane unit (4-hydroxy -3 
methoxylphenyl propane, linked together either directly or through oxygen bridge. In 
addition to these building stones, hardwood lignin also contains 3,5 - dimethoxy - 4- 
hydroxy - phenyl propane units, which account for most of the extra methoxyl 
content of hardwoods (King and Laidlaw, 1970). 4 -hydroxyphenyl propane residues 
are also present in smaller amounts in some lignins. The latter is found mainly in 
monocotyledonous angiosperms or annual plants and grasses together with the former 
two units (Pearl, 1967). 
2.2.1.3.1. Reactions of Lignin during Pulping and Bleaching 
The conventional pulping processes have been utilized in cellulose production on a 
vast scale for many years. During the past decades considerable progress in the 
elucidation of the main structural features of lignin have been achieved by studying 
lignin biosynthesis, its structural composition, as well as its acidic, oxidative and 
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reductive degradations. In particular, these studies have revealed the nature of the 
various types of linkages between the phenylpropane units of lignin (Gierer, 1970).  
The reaction of lignins during pulping and bleaching are divided into two categories, 
i.e. nucleophilic additions and displacements, involved in pulping processes, in later 
phases of lignin-degrading bleaching and in lignin-retaining bleaching, and 
electrophilic additions and displacements, initiating lignin-degrading bleaching 
processes. The division into nucleophilic and electrophilic reactions frequently, 
although certainly not always, conforms reduction-oxidation classification (Gierer, 
1982a).  
The attack by nucleophiles, present in pulp liquors, take place at carbonyl carbon 
atoms or at vinylogous carbon atoms in intermediates of the enone type, in particular 
in quinone methides. In addition, nucleophilic groups in the α- (or γ-) position of the 
side chain attack the β-carbon atom in a neighboring group participation type reaction 
which, in β-aryl ether structures, leads to fragmentation (Gierer, 1982a). 
The initial attack by electrophiles, present in bleaching liquors, takes place at sites on 
the aromatic rings and side chains which are activated by free or etherified phenolic 
hydroxyl groups (Gierer, 1982a). 
Conventional pulping procedures are carried out with nucleophilic reagents, such as 
hydroxide, hydrosulphide, hydrosulphite and sulphite ions, as well as aqueous 
solution of sulfur dioxide. Under the conditions usually employed, these nucleophilic 
species do not directly attack and fragment lignin by substitution reactions but rather 
react with quinone methides or other intermediates of the enone type (Gierer, 1982a). 
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2.2.1.4 Extraneous Materials 
The inorganic content of a plant is usually referred to as ash content, which is an 
approximate measure of the mineral salts and other inorganic matter in the fiber after 
combustion at a temperature of 575 ± 25°C. The inorganic content can be quite high 
in plants containing large amounts of silica (Han and Rowell, 1997). 
The extractives area group of cell wall chemicals mainly consisting of fats, fatty acids, 
fatty alcohols, phenols, terpenes, steroids, resin acids, rosin, waxes, etc. These 
chemicals exist as monomers, dimers, and polymers. They derive their name as 
chemicals that are removed by one of several extraction procedures (Han and Rowell, 
1997). 
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2.3. PULPING 
2.3.1. Pulping Processes Classification 
In principle, there are two ways of fibrizing, mechanical and chemical pulping. In the 
latter, substances in the middle lamella are chemically dissolved to an extend that 
makes fibrization possible without mechanical treatment in more elaborate machinery. 
The chief drawback of the chemical pulping methods is of course the comparatively 
high wood consumption, with yields ranging approximately from 35 - 55% of the 
wood. Mechanical pulping gives nearly quantitative yield but causes rupture to the 
fiber walls on fibrizing and gives pulps which contain substances of little value for 
many purposes. At higher yields special equipment for mechanical fibrizing is 
necessary. Processes which involve both chemical and elaborate mechanical 
treatment have been called semi-chemical, chemimechanical or chemchanical. The 
border line between mechanical and semichemical pulping depends on the definition 
of physical and chemical softening of the inter-fiber bonds, and that between 
semichemical and chemical pulping depends on what is understood by elaborate 
mechanical machinery for fiber separation (Rydholm, 1965). 
There are a number of chemical pulping processes which are differentiated by the 
type of chemicals and processes which are employed. Most important among these 
are sulphate or kraft process (alkaline) and the sulphite (acid) process (FAO, 1973). 
Biopulping is a recent aspect. Certain microorganisms are able to delignify wood, 
raising the possibility of biological pulping (Bhandari and Srivastava, 1992). Fungi 
alter the lignin in the wood cell walls; this has the effect of “softening” the chips. 
This substantially reduces the electrical energy needed for mechanical pulping and 
leads to improvements in the paper strength properties. The fungal pretreatment is a 
natural process; therefore, of no adverse environmental consequences are foreseen. 
The concept of using fungal treatments in pulping processes, including refiner 
mechanical pulping, is based on removing or modifying the lignin in the wood (Scott, 
et al, 1998). Shoham, Zosim and Rosenberg, (1993) have studied the effect of 
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xylanase (produced by growing bacterium strain of Bacillus stearothermophilus on 
xylan) in removing lignin from pulp. 
Increasing fiber recycling is one method for satisfying the growing demand of wood 
fiber .as well as reducing solid waste. Recycling fibers is certainly not a new activity; 
it has been going on for hundreds of years. However, recycling become more 
complex as greater varieties of fiber products are produced (Koning, 1982). 
2.3.1.1. Alkaline Pulping 
Alkaline pulping includes two principle processes for the manufacture of pulp and 
these are: 
1. The soda process, developed by Watl and Burgess in England in 1853, and  
2. The sulphate or kraft process proposed by Dahl (Germany) in 1870 (Panshin, 
et al, 1962). 
In these processes, an alkaline (sodium hydroxide and sodium carbonate) solution of 
sodium sulphate and sodium sulphite is used to digest wood chips at high temperature 
and pressure in the kraft process. The cooking process can be in batch or continuously 
operating cookers. Different grades of kraft pulp are produced by varying extent to 
which the chips are digested. In soda pulping process, caustic soda is used alone. The 
soda process is frequently discussed in the same category with kraft pulping (Sitting, 
1977). 
2.3.1.1.1 Kraft Pulping 
The kraft pulp industry has been facing serious environmental pressure from different 
pressure groups and authorities during the past decades. Although the industry was 
thought to be mature, it has shown itself capable of undergoing rapid development. In 
fact, 21st century kraft pulping will be very different from what it has been so far. The 
ultimate goal in developing kraft pulping is the partially closed-cycle pulp mill. To 
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achieve this goal will mean taking action in all the unit operations of the mill 
(Malinen, 1993). 
In the processing aspect, one kind of chemical process that is assumed as the most 
economical process is the kraft process. The environmental problem of the kraft 
process this time is well under controlled with a close system. Black liquor recovery 
system in the process can obtain the cooking material e.g.: sodium hydroxide, sodium 
sulphide and sodium carbonate that can be reuse in the next process of cooking. The 
mercaptan that obtained from chemical reaction between sodium hydrosulphide and 
lignin can be neutralized by gas neutralizing. In a short word, the kraft process is still 
dominantly used to produce the world chemical pulp (Muladi et al., 2000). 
2.3.1.1.2. Alkaline Pulping with Additives 
Hundreds of potential compounds were suggested as pulping additives. Only a few of 
them, however, proved to meet at least part of the aims of those modified alkaline 
pulping processes: Accelerating delignification rate; increasing the delignification 
selectivity; increasing pulp yield; improving pulp properties; and eliminating or 
reducing air pollution problems in kraft pulping. A range of diamino compounds, 
both aliphatic and aromatic, are found to accelerate soda pulping to equal or better 
than kraft pulping and produce pulps with excellent mechanical strength (Macleod et 
al, 1979). Another example of additives is polysulphide. 
Anthraquinone (AQ) is a good example of the rate of chemical advances in wood 
pulping. There are two effects from which all possible applications of AQ derives: 
Acceleration of alkaline pulping; and carbohydrates stablization (Blain, 1993).  The 
addition of AQ reduced the active alkali consumption, increased pulp yield and 
improved the strength properties of the pulp (Khristova et al, 1997; 1998 and 
Khristova and Karar, 1999). 
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2.3.1.2. Alkaline Sulphite Pulping 
The sulphite chemical process was the first stage development. It dominated the pulp 
industry in the early years of the chemical pulp industry (1860-1870). This process 
has a number of variations, the original development requiring the use of calcium 
base method (FAO, 1973).  
During the last decades the sulphite cooking process has become less competitive 
compared to the kraft process due to restrictions concerning suitable raw materials as 
well as the inferior strength properties of the sulphite pulps (Knoblauch et al, 2000). 
The crucial drawback of the sulphite pulping process are the limitations on wood 
species with low contents of resins and phenolic extractives and the substantially 
lower strength properties of the pulps (Kordsachia and Patt, 1991). However, sulphite 
pulps have a higher initial brightness as are also easier to bleach to high brightness 
(Knoblauch et al, 2000). 
However, many studies have been carried out towards 1980s; they reviewed 
developments in many areas of sulphite pulping e.g. high-yield pulping of softwoods 
and hardwoods; alkaline and neutral sulphite pulping for the production of kraft-like 
pulp; and recovery of sulphite pulping chemicals for small mills and thus have shown 
that the process is much more viable and competitive than it has been in 1970s 
(Wong, 1981). 
Sulphite challenged the leading position of kraft for the first time in the 1950s and 
1960s by developing tow-stage processes in which the first stage was bisulphate (pH 
3-4) and the second was neutral-to-alkaline (pH 6-9). Strong sodium-based pulp of 
this type were developed and marketed by Scandinavian companies; in North 
America magnesium-based sulphite increased in popularity also yielding strong 
chemical pulps. It became apparent during these evaluations and developments that 
manufacture of a greater variety of pulps at far higher yield was possible by the 
sulphite process and its variants than by the kraft or soda processes (Stradal et al, 
1983). 
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In 1970-71 the single-stage alkaline sulphite process was patented as a low-odor 
alternative to kraft and could produce pulp of properties similar to kraft and also of 
environmental advantage. Finally in 1977, the alkaline sulphite–anthraquinone (AS-
AQ) process appeared and was quickly brought to bear in industry. The addition of 
AQ to alkaline sulphite liquor considerably accelerated delignification, improved its 
selectivity, and allowed pulping at much lower alkalinity than the original process 
(Stradal et al, 1983). 
 Alkaline sulphite is affected by a number of variables such as raw material species, 
raw material quality and chip properties, as well as impregnation conditions (pH and 
SO2 concentration and amount) and digestion parameters (time, temperature and 
pressure) (Bryce, 1980a, b). 
In alkaline sulphite pulping Na2SO3 and NaOH are applied in different ratios (80/20 -
70/30 and even 90/10 respectively). NaCO3 can be used instead of NaOH. The liquor- 
to-raw material ratio of 4:1 is used at normal cooking conditions, with variation in 
maximum cooking temperature (175-180oC) and cooking time 2-3 hours. The high 
temperature enhances delignification rate without decreasing the selectivity in 
alkaline sulphite pulping. Even at 180oC the kappa number-viscosity-yield 
relationship is stable. High amount of sodium hydroxide or sodium carbonate 
improves delignification but there is a difference between the effectiveness of sodium 
hydroxide and sodium carbonate. By applying sodium hydroxide it is possible to 
reach lower kappa number levels of the pulp. But because of the initial pH level of 
the pulping liquor with sodium hydroxide more carbohydrates, in particular 
hemicelluloses, are dissolved as well. This has an impact on pulp yield and pulp 
properties. 
The main active components in alkaline sulphite pulping, SO2 and bisulphate ions, 
being strong nucleophiles are able to clear a variety of ether bonds present in lignin. It 
has been known for a long time that alkaline treatment of lignin at elevated 
temperatures librates phenolic hydroxyl groups (Gierer, 1970). 
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2.3.1.2. Organosolv Pulping with Methanol 
Treatment of woody material with alcohol and a mineral acid catalyst, usually termed 
ethanolysis or methanolysis, was studied in earlier years as a method for elucidation 
of lignin structure. One of the problems that has plagued investigations using acid 
organosolv systems is the much greater difficulty in pulping conifers as compared 
with angiosperms, while a variety of organosolv processes have been quite suitable 
for the pulping of hardwoods and annual plants. Considerable problems have been 
noted in producing softwood pulp with low kappa numbers and low screen rejects. 
Bagasse can be delignified extensively using AS-AQ process without addition of 
alcohol (Wang et al, 1987). 
Methanol and ethanol are the most popular alcohols used in pulping. However, 
several other alcohols have also been proposed to be used as pulping chemicals. 
Propanol, butanol and glycols appear in several papers which are therefore referred to 
here. Other alcohols proposed are benzyl alcohol tetrahydrofurfuryl alcohol, glycerol 
and chloroethanol (Muurinrn, 2000). 
Methanol improves penetration of the pulping liquor into the lignocellulosic material 
and therefore increases the delignification rate. It also prevents lignin from 
condensing during the process, which results in low pulp kappa numbers. Pulp quality 
is typically near the quality of a corresponding kraft pulp. Methanol is one of the 
components formed during pulping. This is a probable reason for the very low 
methanol losses reported (Muurinrn, 2000). 
Methanol is a poisonous chemical and forms inflammable vapors at relatively low 
temperatures.  Therefore a pulping process using it has to be carefully designed and 
operated. Methanol is a low boiling alcohol and therefore it can be relatively easily 
recovered by distillation. The most promising methanol pulping method is the ASAM 
process. The pulp quality seems to be acceptable and existing kraft mill equipment 
may be used. The presence of methanol however requires additional equipment and 
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makes the recovery cycle more complicated and expensive than in a kraft process 
(Muurinrn, 2000). 
The presence of low-boiling alcohol, such as methanol and ethanol in the pulping 
liquor is important. Methanol is preferred to ethanol because methanol has a lower 
boiling point and consequently, lower energy demand for recovery. Furthermore 
methanol is generated during cooking from methoxyl groups in lignin and xylan, 
which keeps the solvent level consistent. The use of ethanol would cause a mixture 
with the in situ-generated methanol. Methanol has low surface tension, polarity and 
viscosity. On the other hand, its partial pressure is greater than water. The low surface 
tension and increased pressure, together with ability of methanol to dissolve resins 
has a beneficial effect on impregnation of chips. However, the presence of methanol 
in the liquor decreases swelling of wood and reduces the accessibility of the cell wall. 
During delignification methanol improves the solubility of lignin, suppresses the 
dissociation of the inorganic pulping chemicals and causes a more homogeneous 
performance of the chemicals during cooking. Nakano et al (1981) found that 
cellulose stability was improved in alkaline systems in the presence of methanol. The 
peeling reaction is suppressed by acceleration of stopping reactions and/or a slower 
transformation of the cellulose aldehydic end-groups into keto groups that initiate the 
peeling reaction. Alkaline hydrolysis probably is suppressed as well because 
methanol acts as a radical scavenger. The positive effects of methanol in the cooking 
liquor depend on the methanol content of the liquor. In softwood pulping it varies 
from 15 to 20%, while hardwoods require somewhat higher concentrations (Patt et al, 
1998). 
The reactions of lignin with methanol under very mild conditions with an acid 
catalyst mainly involve the alkylation of the alpha-hydroxyl group and the splitting of 
alpha-ether to liberate phenolic hydroxyl groups. This cleavage reaction reduces the 
molecular weight of lignin and allows it to diffuse out into the pulping liquor (Lai and 
Guo, 1991; Lai and Mun, l993). 
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Patt and his co-workers (1998) stated that only during the beginning of a cook 
relatively high methanol content was found in the dissolved lignin. Reactions with 
lignin have no impact on the methanol recovery rate. In ASAM cooking about 99% 
of the charged can be recovered from any phase of the cook, only 1% remains in the 
pulp. These findings were confirmed in pilot plant trials as well. During eight weeks 
of continuous pilot plant operation, the methanol recovery rate was 99.3%. It can be 
assumed that in commercial-scale operation, the ASAM process will be self-sufficient 
in regard to methanol. The formation of methanol from lignin and hemicelluloses will 
balance any losses. 
The use of methanol in magnesium sulphite cooking of softwoods with high resin 
content was studied. A magnesium bisulphite cook with SO2/MgO = 3.2, i.e. only a 
low concentration of free SO2, and a rather high total SO2 charge of 25% on oven-dry 
wood, at maximum temperature of 165°C and methanol concentration of 25 % (v/v) 
were reported to be the preferred conditions (Kordsachia et al, 1988; Krull et al, 1989, 
1991). The advantages of this development were the possible use of extractive-rich 
softwood species like pine, the significant increase of yield and the substantial 
improvement in strength properties. However, the clear improvements in strength 
were not sufficient to achieve strength properties similar to kraft pulps. 
2.3.1.2.1. ASAM Pulping 
The ASAM (Alkaline sodium Sulphite liquors reinforced by addition of 
Anthraquinone and Methanol) process was developed in the mid-1980s by Professor 
Patt from Hamburg University. Kraftanlagen Heidelberg (KAH) acquired the patent 
right in 1987 and effected the scale-up of the process from labrotary to pilot plant, 
located at the Stora Mill in Baienfurt, Germany. The process uses sodium sulphate, 
caustic soda, sodium carbonate, methanol and anthraquinone as cooking chemicals. 
Typical process conditions for ASAM pulping are shown in Table (2.1). Due to the 
addition of methanol, the cooking is performed at higher digester pressures compared 
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to kraft cooking. The ASAM cooking process is adaptable for both continuous and 
batch cooking systems (Teubner et al, 1995). 
Table 2.1. Typical process conditions for ASAM pulping (Teubner et al, 1995). 
Process Parameter Value 
Cooking liquor composition  
Sodium sulphite 15-20% 
Sodium hydroxide 0-5% 
Sodium carbonate 0-5% 
Anthraquinone (AQ) 0.05-0.1% 
Methanol 10-20% 
Liquor to wood ratio 1/3.5-1/4.5 
Cooking temperature 175-185 oC 
Time at temperature 100-180 min 
Digester pressure 10-14 bar 
ASAM pulping process has gained increasing interest since its establishment. This 
process was found to produce better yield of pulp with higher strength properties 
even when compared to kraft process (Kordsachia and Patt, 1991); (Zimmermann et 
al, 1991); (Schubert et al, 1993); (Puthson, et. al., 1997); (Döring et al, 2000) and 
(Miranda and Pereira, 2002). They have reported these results with usual varieties of 
pulpwood where better delignification and selectivity; and shorter initial period were 
noticed despite the lower kappa number.  
In ASAM pulping, bulk delignification starts 30 minutes before the maximum 
temperature is reached. More than 50% of the lignin is already dissolved, when 
maximum temperature is achieved (Patt et al, 1991). In the initial cooking phase the 
delignification proceeds very fast. At the time when maximum temperature is reached, 
kappa number may already drop below 30. Further lignin removal takes place slowly 
(Kordsachia et al, 1992). 
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The fast reacting lignin structures are predominantly phenolic α- and β-aryl structures 
which undergo cleavage by sulfonation or the action of AHQ. The slowly reacting 
lignin structures are probably non-phenolic β-arylethers as well as biphenyl and 
diarylpropane structures (Patt et al, 1991). 
The isolated lignosulfonates are low in molecular weight which remains nearly 
constant during the whole cook. An extremely high degree of sulfonation of lignin 
units can be detected. These are the reasons for the excellent solubility of ASAM 
lignins. Dissolved lignins do not undergo condensation reactions.  
Carbohydrates are protected by the presence of methanol which results in high yields 
and pulps with high viscosity. In particular, cellulose is very stable even in extended 
cooks. Methanol improves AQ solubility, suppresses the formation of radicals and 
reduces the dissociation of cooking chemicals (Patt et al, 1991). 
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2.4. PULP PURIFICATION (BLEACHING) 
Bleaching is a sequence of chemical treatments and washes of the pulp. The 
particular sequence used mainly depends on the nature of the fiber (for example, 
softwood, hardwood, or non-wood), the type of pulping process applied, and the end 
use of the fiber. While the main purpose of bleaching is to improve the optical 
characteristics of the pulp, characteristics such as absorbency, strength, durability, 
and cleanliness can also be improved (Industry Commission, 1990). 
Pulp cooking can safely dissolve up to about 90 percent of the lignin without 
degrading the cellulose fiber. Additional delignification is done by bleaching. 
Bleaching of high-yield chemical pulps is achieved by decolorizing with either an 
oxidizing agent (combines oxygen) or a reducing agent (combines hydrogen). 
Chlorine gas, sodium hypochlorite, chlorine dioxide, oxygen gas, and hydrogen 
peroxide are oxidants. Sodium hydrosulphite is a reductant. Alkali is used to remove 
the solubilized lignin from the cellulose. Each has its advantages, disadvantages, and 
limitations (Office of Technology Assessment, 1989). 
The reactions of lignins during lignin-degrading bleaching are more difficult to 
survey than those taking place during pulping for the following two reasons: 1) The 
structural features of the actual substrate, in most cases residual lignin in pulps, are 
essentially unknown and 2) standard bleaching sequences include a variety of 
electrophilic and nucleophilic bleaching reagents which may operate simultaneously 
or successively (Gierer, 1982b). 
Nevertheless, conventional lignin degrading bleaching processes have one important 
feature in common: They are all initiated by a step involving electrophilic attack on 
centers of high electron density. The electrophilic reagent may be a positively 
charged ion seeking an electron pair, or a radical seeking an unpaired electron (Gierer, 
1982b). 
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Initial electrophilic addition and displacement reactions include: 1) Chlorination and 
oxidative dealkylation of aromatic structures; 2) Chlorination of olefinic structures; 3) 
Chlorine dioxide oxidation of phenolic structures; 4) Oxidation of phenolic and 
enolic structures by molecular oxygen; 5) Microbial degradation of lignins; 6) 
Oxidation of aromatic and olefinic structures by ozone; and 7) Oxidation of aromatic 
and olefinic structures with peroxyacetic acid (Gierer, 1982b). 
Initial electrophilic attack creates structures which are susceptible to subsequent 
attack by the following nucleophilic addition and displacement reactions. The 
nucleophilic attack may take place during the same bleaching step and involve 
species originally present or generated in the initial (electrophilic) reaction (Gierer, 
1982b). 
In case where the introductory electrophilic step of a bleaching sequence does not 
generate nucleophilic species for subsequent attack, treatment with a suitable 
nucleophile in a following bleaching step is required for continued lignin degradation 
and dissolution. Some examples of this alternative are: 1) Displacement of chloride 
ions by hydroxide ions; 2) Oxidation of enone structures by hypochlorite anions; and 
3) Oxidation of enone structures by hydroperoxide anions (Gierer, 1982b). 
2.4.1. Bleaching Processes Classification 
The chlorine bleaching sequences usually commence with the treatment of the 
unbleached pulp with a lignin-degrading chemical, such as elemental chlorine. 
Chlorine dioxide may be partially substituted for elemental chlorine in this stage. An 
alkali treatment stage follows, in which the pulp is treated with chemicals that extract 
the degraded lignin. After extraction, the pulp is brightened with chemicals such as 
sodium or calcium hypochlorite, or chlorine dioxide. Further stages include repeated 
alkali extraction and brightening. Between stages the pulp is usually washed. 
(Industry Commission, 1990). 
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The pulp and paper industry has developed a series of shorthand descriptors for the 
multistage bleaching sequences. The following abbreviations are used to designate 
the bleaching agents: 
C - Chlorination 
E - Extraction with sodium hydroxide 
H - Hypochlorite (sodium or calcium) 
D - Chlorine dioxide 
P - Hydrogen peroxide 
O - Oxygen 
N - Nitrogen dioxide 
Z - Ozone 
Bleaching sequences are designated by listing each treatment serially. For example, 
“CEDED” represents a commonly used five-stage bleaching sequence consisting of a 
first-stage chlorine treatment, followed by a second-stage alkali extraction stage, 
followed by a third-stage chlorine dioxide treatment, followed by a fourth-stage alkali 
extraction treatment, and a final fifth-stage chlorine dioxide treatment. Washing is 
conducted between each chemical application (Office of Technology Assessment, 
1989). 
Two bleaching agents may be used in a single stage. For instance, chlorine gas and 
chlorine dioxide are sometimes combined in an early bleaching stage. If chlorine gas 
is the predominant agent in the mixture, the treatment would be designated as “CD.” 
On the other hand, if the mixture contains more chlorine dioxide than chlorine gas, 
the treatment would be designated as DC. Other commonly encountered oxidative 
extraction treatments include EO (or E/P), EP, E/H etc (Office of Technology 
Assessment, 1989). 
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Changing in public policy and new market demands had increased the interest in 
developing low-effluent absorbable organic halides (AOX) bleaching technologies 
for kraft pulps. In response to this demands, a variety of new pulping and bleaching 
technologies are being studied. Despite these advances, there remains a need to 
develop alternative bleaching protocols that could further reduce the levels of AOX 
generated from modern chlorine dioxide-based bleaching sequence (Hamilton et al, 
1996). 
2.4.2. Environmentally Friendly Bleaching 
The conventional way to produce bleached pulp is to use a kraft cook and continue 
the delignification process with a chlorination stage. This traditional bleaching 
sequence has become obsolete for several reasons, one being its environmental 
impact further. Today, a modern bleaching sequence includes oxygen delignification, 
a high chlorine dioxide fraction in the chlorine stage, an extraction stage reinforced 
with oxygen or hydrogen peroxide and usually a final bleaching with dioxide and 
hydrogen peroxide. The amount of chlorine (Cl2) used in bleaching is being 
continually decreased (Asplund and Germgard, 1991). 
Oxygen bleaching may serve as illustrative example of the cooperation between 
radicals of different reactivity. In recent years, many efforts have been made to make 
this process more effective in order to minimize subsequent bleaching steps using 
chlorine-containing reagents and, in this way reduce the discharge of compounds 
deleterious to the environment (Gierer, 1990). 
In contrast to hydroxyl and chlorine radicals which attack both phenolic and non-
phenolic lignin units, oxygen reacts only with phenolic lignin structures to any 
appreciable extent. Oxygen is, however, an efficient radical scavenger. Due to the 
high electron density in aromatic rings and aliphatic double bonds, residual lignin 
represents the substrate choice for electrophilic, i.e. oxidative bleaching reagents. 
However, oxidative radicals, in particular those arising from other bleaching reagents 
(HO, HOO, Cl and CIO) attack also cellulose and hemicelluloses to varying extents. 
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Such radicals are able to abstract hydrogen atoms not only from lignin side chains, 
but also from hydroxyalkyl groups in carbohydrates (Gierer, 1990). 
Since the late 70s it has been known that hydrogen peroxide (H2O2) was capable of 
removing residual lignin in kraft pulp. However, peroxide delignification (P) was 
considered too expensive compared with other processes like chlorination or oxygen 
delignification. It is just some years ago that H2O2 started to be used as a full 
delignification stage to complement oxygen bleaching (O) (Lachenal et al, 1996).  
Traditionally utilized in the bleaching of high yield mechanical and 
thermomechanical pulps, alkaline hydrogen peroxide is rapidly becoming the 
preferred reagent in totally chlorine free (TCF) and elemental chlorine free (ECF) 
bleaching of the chemical pulps. In these applications it is crucial to prevent hydrogen 
peroxide from undergoing secondary reactions that destroy it without generating the 
preferred reactive species, perhydroxyl anion. To minimize the extent of hydrogen 
peroxide decomposition and to ascertain the reactions of hydrogen peroxide with 
lignins, low temperatures and the inclusion of sequestering agents such as DTPA 
(diethylenetriaminepentaacetic acid) and EDTA (ethylendiaminetetraacetic acid) in 
combination with sodium silicate and magnesium sulfate have been used. 
It has been demonstrated that in the presence of DTMPA (diethylene -
triaminepentamethylene - pentaphosphonic acid) hydrogen peroxide is stable at 
temperatures in excess of 90oC. In the bleaching of chemical pulps, DTMPA 
stabilization results in increased brightness and viscosity when compared to non-
stabilized systems. In reactions with lignin-model compounds, hydrogen peroxide 
stabilized with DTMPA enabled high reaction temperature and as a result enhanced 
oxidation of both etherified and non-etherified lignins. The stabilized hydrogen 
peroxide was found to oxidize verartyl-alcohol and veratric acid in near quantitative 
yields at high temperatures, with no evidence of radical involvement (Kadla et al, 
1999).  
 35
For further chlorine usage modification, the combined bleaching system, ECF and 
TCF were achieved. Recently, ECF method is implemented on industry scale can be 
responsible economically; otherwise TCF is expensive commercially (Muladi et al, 
2000). 
2.4.2.1. Totally Chlorine-Free (TCF) Bleaching 
Totally chlorine-free (TCF) bleaching has been studied extensively over the last years, 
partially in relation to environmental considerations. The use of oxygen-based 
chemicals (oxygen, ozone, and hydrogen peroxide) not only decreases the amount of 
chlorinated organic materials in bleachery effluents, but the elimination of chlorine-
containing bleaching agents also results in effluents which are almost free from 
corrosive components (Ristolainen and Alen, 1998). 
Oxygen delignification is becoming increasingly important in pup bleaching 
technologies for the 21st century. The use of an oxygen stage in elemental chlorine 
free (ECF) and totally chlorine free (TCF) bleaching sequences can be significantly 
reduce emissions of organic chlorine compounds, COD and BOD in wastewater 
effluent. One- and two-stage oxygen delignification systems are commercially 
available (Agarwal et al, 1999). 
Oxygen bleaching is now an established bleaching technique for both ECF and TCF 
sequences. Being a cheap, nontoxic, renewable, and widely available reagent, oxygen 
presents an excellent alternative to polluting inorganic chemicals. 
Oxygen delignification is commonly carried out in alkaline media. Under such pH 
conditions, the rate and selectivity of lignin oxidation are higher than in acidic media. 
Under acidic conditions, the spite of the satisfactory reactivity of lignin with oxygen, 
lignin condensation reactions take place and slow down the rate of lignin removal. 
However, if delignification is carried out in the presence of organic solvents, this 
undesirable effect is greatly reduced and delignification rates become similar to those 
obtained in alkaline media. Recent results involving the use of oxygen in wood 
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pulping, in organic solvent-water media, opened new perspectives for the use of 
oxygen as a delignifying agent under acidic conditions. However, under both acidic 
and alkaline conditions, auto-oxidation of lignin with oxygen requires processing at 
high temperatures which leads to lower delignification selectivity. The lignin free 
radical chain oxidation produces hydroxyl and hydroperoxide radicals that cause 
polysaccharide degradation and results in a decrease in the pulp mechanical strength. 
The use of regenerable oxidation catalysts avoids free radical chain oxidation taking 
place, and therefore represents a promising approach to overcome the drawbacks of 
oxygen delignification techniques (Evtuguin et al, 1998). 
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2.5. GENERAL DESCRIPTION OF THE RAW MATERIALS 
2.5.1 Acacia seyal 
Accepted Botanical Name: Acacia seyal Del. 
Synonyms: Acacia stenocarpa Hochsl. ex A. Rich, Acacia hockii De Wild 
Family: Mimosaceae (von Maydell, 1986) 
There are two races or varieties that occur in Sudan: var. seyal without inflated spine 
and the green white to red bark, wide spread in grass and woodland savanna on 
cracking clays; and var. fistula (Schewinf.) with inflated spines and the whitish 
(creamy) bark in deciduous forests on clay of seasonally wet depressions (El Amin, 
1990). 
Acacia seyal is native to the Sahlian zone from Senegal to Sudan. It is also found in 
Egypt and eastern and southern Africa from Somalia to Mozambique and Namibia 
(National Academy of Science, 1980). 
2.5.1.1 Acacia seyal var. fistula 
Accepted variety: Acacia seyal Del. var. fistula (Schweinf.) Oliv. 
Synonyms: Acacia fistula (Scheweinf.). 
Vernacular names: Whistling thorn, Suffar abiad (Arabic) (Thirakul 1984), talh 
abiad. Wood: shittim 
This small graceful savanna tree (Fig.2.5) occurring sporadically in Blue Nile region, 
is readily recognized from distance by its showy shining white bark (Thirakul, 1984). 
Description: 
Small deciduous tree up to 10 m high and 12 cm in diameter. Crown rounded or more 
or less triangular, open and light foliage. Branches oblique or slightly horizontally 
spreading in the lower parts. Bole straight cylindrical usually short and no buttress. 
Bark, white, smooth, slightly shining. Blaze about 1 cm thick; slash reddish with 
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green layer outer bark, fibrous, soft. Twigs slightly irregular, stout, greenish white, 
armed with white straight prickles in pairs, mostly swollen at the base. Leaves, 
biparipinnate, alternate. Petiole often with prominent glands, slightly pulivinate at the 
base. Rachis glabrous. Stipules spinescent in pairs. Pinnate opposite pairs. Leaflets 10 
-15 pairs; blade oblong, apex rounded-mucronate; base obtuse, glabrous on both 
surfaces. Midrib fairly prominent; secondary nerves invisible beneath. Flowers 
axillary globular heads, pedunculate; bright yellow flowers. Fruits pods linear, 
slightly restricted between seeds, more or less falcate, dehiscent. Seeds 7-12 elliptic, 
compressed, faintly wrinkled, olive brown. Wood white-cream, hard (Thirakul, 1984). 
 
Figure 2.5. Acacia seyal var. fistula. 
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1.5.1.2 Acacia seyal var. seyal 
Accepted variety: Acacia seyal Del. var. seyal Beman.  
Synonymes: Acacia stenocarpa Hochsl. ex A. Rich, Acacia flava (Forssk.) Schweinf. 
var. seyal (Del.) Rol. 
Vernacular name: Mimosa epineax (French); talh, talh ahmar (Arabic)  
This variety found mostly in immense pure stands in Blue Nile region (Fig. 2.6). Its 
red bark and the obi triangular flat - topped crown are very typical.  
Description: 
Medium sized up to 15 m high and 30 cm in diameter. Crown obi triangular, flat -
topped, much branched and relatively dense. Branches oblique, usually radiating from 
the same level, twiggy, crocked or regular. Bole straight, sometimes slightly sinuous, 
cylindrical. Bark red or greenish yellow or orange-red, sometimes greenish yellow or 
red bark on the same tree, flaking off sparsely in large blackish scales leaving orange-
red powder under rhytidome. Blaze 1-1.5 cm thick; slash reddish, with green layer 
out bark, fibrous, hard. Twigs stout, rounded, glabrescent, with numerous reddish 
glands. Prickles in pairs, straight, slender and white. Leaves biparipinnate, alternate. 
Petiole often with a gland. Rachis round, puberulous or glabrescent. Stipules 
spinescent. Pinnate opposite pairs. Leaflets 9-13 pairs; blade oblong linear; apex 
obtuse; base oblique; margins ciliate, glabrous on both surfaces, venation invisible. 
Flowers axillary globular heads, pedunculate, yellow flowers. Fruits pods linear, 
more or less falcate, slightly constricted between seeds, dehiscent. Seeds many, 
elliptic. Wood white-cream, hard (Thirakul, 1984). 
Silvicultural Characteristics: 
Acacia seyal leaves appear early in the rains and shed soon after rain cease, at least on 
clay soils (Badi et al, 1989). Flowering August December (var. fistula); October to 
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April (var. seyal) (Thirakul, 1986). Seeds available Dec. onwards. There are about 
25,000 seeds per kilogram. Retains viability well (Badi et al, 1989). 
Most of the roots are confined to the top meter of soil, but it occasionally develops a 
deeper root system (Badi et al, 1989). 
 
 
Figure 2.6. Acacia seyal var. seyal 
Acacia seyal requires annual rainfall of 250 -1000mm. Flourishes on heavy clay soils, 
tolerates periodical inundations or desiccation with cracking of the upper soil layers. 
Also on stony soils in plains, but generally not on slopes and hill tops. Often at the 
base of hills or especially near river beds at lowland sites, on humus soils on valleys, 
beside waterholes and on low ground (von Maydell, 1986 ). 
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Acacia seyal occur in a cycle with grass land. Artificial regeneration is little used, as 
in most, places natural regeneration is sufficient, by direct sowing of seeds (Badi, et 
al, 1989). And on favorable sites fast juveniles growth (more than 1m per year), 
maximum height reached after 8-10 years. Stem form may be decisively improved by 
selection, coppice abundantly (von Maydell, 1986). 
It is considerably resistant to fire. Old trees survive up to three months inundation, 
but young regeneration can not establish itself in flooding last more than 1.5-2 
months. 
No pests and diseases are of importance in the living tree. Few records are available 
for the rate of growth (Badi et al, 1989). 
Uses and values: 
A good firewood, but can not be stored for long, as it is subjected to attack by 
bostrychid bettle (Sinoxylon senegalense). However, the abundance of the tree means 
that it is one of the most important sources of firewood. Excellent charcoal (Badi et al, 
1989). Wood of var. seyal is used in the Sudan to make a fragrant fire over which 
women perfume themselves (National Academy of Science, 1980). For construction, 
poles of a medium size with forks at a height of 2-3m are especially in demand. 
Insects attack the wood but durability may be improved by water storage. Branches 
are used for fencing (von Maydell, 1986). 
Leaves, young shoots and pods are valuable forage. Acacia seyal should be promoted 
in the future to improve silvopastural systems in the sahel. The bark is also important 
forage for game (von Maydell, 1986). 
Acacia seyal (var. seyal) resin is used as gum but its quality is not as good as that of 
Acacia Senegal (Sommerlatte and Sommerlatte, 1990). The gum is also mixed with 
the pulp of Balanites aegyptiaca fruit to produce a syrup (von Maydell, 1986). 
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The pods and bark contain tannin (about 20%). The smoke of seyal- wood is said to 
be particularly insect repellent. Bark, leaves and gum are used in local medicine (von 
Maydell, 1986). 
1.5.2.1. Eucalyptus citriodora Hook f 
Common name in Australia: Lemon-scented gum 
Regions of natural occurrence: Central and northern areas of eastern Queensland. 
The species (Fig. 2.7) occurs on undulating country, including plateaus and dry ridges. 
It is usually found on rather poor gravelly soils, podzols and residual podzols of 
lateritic origin. It prefers well-drained and gravelly soils, where it usually grows with 
other useful eucalypts such as E. acmenoides. E. propinqua and E. crebra. 
Summer rainfall: 625-1 250 mm in regions of natural occurrence. Dry season: 5-7 
months in the cooler months, may be severe. Found over a fairly wide range of 
rainfall. Has tolerated moderate frosts when planted outside natural range. 
Characteristics: 
Tree height in Australia: 30-40 m. A handsome tree of excellent form, with a well-
shaped but sparsely foliaged crown. Bark smooth, white or faintly bluish. Juvenile 
leaves opposite then alternate, narrowly to broadly lanceolate, with wavy margins, 
hairy, many peltate; adult leaves alternate, narrowly lanceolate. Both juvenile and 
adult leaves smell strongly of citronellal when crushed. Wood strong and hard, fairly 
durable (Jacobs, 1979). 
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Figure 2.7. Eucalyptus citriodora 
Uses and Value:  
Sawtimber, poles and tool handles. Can be turned easily. Produces straight poles 
which can be pressure impregnated for many industrial purposes. In general it is 
considered that the potential value of E. citriodora as a plantation species has been 
underestimated. It is not a eucalypt of spectacular growth but one of the better ones 
for regions in the lower latitudes of the subtropics and tropical latitudes down to 
about 10°. It is unsuitable for equatorial regions. E. citriodora will hybridize with 
other members, to some of these hybrids E. citriodora may bring useful properties, 
but in other cases it may be a disadvantage. Several countries could develop a useful 
minor industry by distilling the citronellal from the leaves. For this latter purpose the 
species should be kept pure. 
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In Mediterranean countries it has been introduced mainly as occasional plantings in 
North Africa and Portugal. In South Africa and Zimbabwe it has been planted for 
several decades on a limited scale and has been fairly resistant to drought and 
termites. In Tanzania it has been direct-seeded, which is unusual for eucalypts. It is 
reported as difficult to raise in the nursery in Morocco. In Malawi it is planted in 
zones where E. grandis is affected by high temperatures and is reported as growing 
well, reaching a height of 5 m in 21 months and closing canopy after 12 months. In 
South Africa it is reported as being a good coppicing species and moderately easy to 
debark. At Muguga in Kenya the experimental plantation had a height of 19 m in 19 
years. In Rwanda fine results have been obtained on various soils. Good reports of the 
success of the northern Queensland provenance are given for the subhumid/dry 
tropical region of Brazil where it is said to be fairly resistant to the Diaporthe 
cubensis canker, but it is susceptible at latitude 2°-6°N in Suriname. 
In Thailand it is reported to be the best eucalypt introduced (at age 7) with a 
"remarkable" rate of growth. It is reported as promising at both high and low altitudes 
in Malaysia. It has failed at low altitudes in Indonesia. India reports variable results 
but it is listed among the four most suitable species for Pakistan. It grows excellently 
in Hawaii from sea-level to 300 m. It is one of the main species planted in Kwantong 
province of China (20°-25°N) (Jacobs, 1979).  
1.5.2.2. Eucalyptus  tereticornis Sm. 
Synonyms: E. umbellata (Gaertn.) Domin.) 
Common name in Australia: Forest red gum 
Regions of natural occurrence: A very wide latitudinal range from southern 
Victoria through New South Wales and Queensland to the savanna woodlands of the 
Papuan coast in Papua New Guinea 
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Altitudinal range near sea-level to 1000 m in Australia and 800 m in New Guinea. 
Summer to winter rainfall of 500-1500 mm. Dry season varies greatly up to 7 months, 
can be severe in places over the wide range of occurrence (Jacobs, 1979). 
 
 
 
Figure 2.8. Eucalyptus tereticornis 
Characteristics 
Tree (Fig. 2.8) height in Australia: up to 45 m or more; with an erect trunk and a 
fairly dense crown. Bark basically a smooth red-gum type, but sometimes a basal 
stocking of old remnants at base. Juvenile leaves opposite first, then alternate, stalked, 
elliptical to broadly lanceolate. Adult leaves alternate, stalked, narrowly lanceolate, 
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often curved. Wood red, hard, heavy; uniform texture and interlocked grain; strong 
and durable 
Uses and Values: 
Widely used as a construction and mining timber in Australia; suitable for posts of all 
sizes. Very good, but provenance testing from over the enormous range of latitude 
32° and from cool to equatorial conditions and from winter to summer rainfalls 
should be carried out.  
E. tereticornis was introduced to a number of tropical or subtropical countries in the 
latter half of the nineteenth and the first half of the twentieth centuries. The species 
has now been planted in many parts of India and is easily the most important in terms 
of area. Including the land race variously known as "Mysore gum", "Mysore hybrid" 
or "Eucalyptus hybrid". Planting in other countries has been less extensive and mostly 
more recent. 
E. tereticornis has been most successful in summer-rainfall conditions with a 
moderate to fairly severe dry season. It is considerably more drought resistant than E. 
grandis, but slightly less so than E. camaldulensis. It has a light, narrow crown and 
its form varies considerably according to provenance. Satisfactory straightness is 
reported by Papua New Guinea, Pakistan, Ghana and Uruguay (where it is reported to 
be superior to E. camaldulensis in this respect), but crookedness or forking from the 
Ivory Coast, Malaysia, Greece and Turkey. It coppices vigorously (99 percent 
reported from the Congo) and begins to produce seed at 3-6 years old in plantations; 
between 150 and 350 g per seed bearer can be expected. 
Optimum rainfall appears to lie between 800 and 1500 mm, but it has been planted in 
both lower rainfall (550 mm in Mozambique and Israel) and in considerably higher 
rainfall It is susceptible to frost. It will grow on a variety of soils, with a preference 
for deep, well-drained soils of fairly light texture including alluvial soils, silts and 
sandy clays. It performs poorly on heavy clays in savanna in Ghana, but in Argentina 
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it is reported to be more tolerant of clay soils than E. camaldulensis. A neutral or 
slightly acid pH is suitable, but not a strongly acid one. 
The Forest Research Institute, Dehra Dun, has evolved two promising hybrid 
varieties of very fast-growing eucalypts by artificially crossing E. tereticornis, 
currently the most widely planted eucalypt in the plains of both north and south India, 
with E. camaldulensis, another closely related, faster growing and more adaptable 
species. Also E. tereticornis X E. grandis hybrids has been produced which, though 
not endowed with hybrid vigour, may prove useful from the point of view of 
resistance to the pink disease which causes high mortality of E. grandis, and for 
growing on drier and poorer sites where E. grandis itself cannot be expected to do 
well. 
In Zambia the natural and artificial hybrid E. tereticornis X E. grandis has shown 
great promise. Hybridization is possible with a number of other species, e.g., E. 
robusta, E. botryoides, E. saligna.  
Vegetative propagation has been carried out successfully in India and Congo. 
Rotation varies with site quality and the objects of management. Early height growth 
varies from 1 to 3 m a year and diameter growth from 1.3 to 2.6 cm a year.  
In general, E. tereticornis has proved fairly free from pests and diseases. In India the 
most serious disease has been the canker caused by the fungus Corticium 
salmonicolor. In many areas termites attack young plants if insecticide is not used at 
planting. Other pests and diseases reported are the fungi Ganoderma lucidum and 
Cylindrocladium guinqueseptatuin (India), the climber Merremia and the insect 
Ambleypelta cocophaga (Solomon Islands), the snout beetle Gonipterus scutellatus 
and the fungus Mycosphaerella molleriana (South Africa), and mole crickets (the 
Congo). In many countries E. tereticornis is considered relatively fire resistant among 
the eucalypts. 
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The wood has been used for a variety of purposes: fuelwood, charcoal, paper, poles, 
stakes and fence posts, mining timber, fiber- and particle board. In Argentina, it is 
used for manufacture of hardboard for export and it has been sawn for construction 
timber in Argentina, India and Zambia. It has been used for tannin extraction in the 
Congo and for oil extraction in the Philippines. The wood of "Mysore gum" is hard 
and heavy and is satisfactory for boxwood, props, poles, posts and bridge-timber, but 
not for furniture, doors or window-frames. The most important use in India, however, 
is likely to be for pulp and paper (Jacobs, 1979). 
 
1.5.2.3. Eucalyptus camaldulensis Dehnh. var. camaldulensis 
Synonymies: E. rostrata Sclecht.  
Altitudinal range: 30-600 m: mainly a riverain species 
Common name in Australia: River red gum 
Region of Natural Occurrence: The Most widespread Eucalypt on the mainland of 
Australia; found in all states except Tasmania; there in a southern (temperate zone) 
form and a tropical form. Winter to summer rainfall, total of 250-625 mm. Dry 
season: 4-8 months or more, frequently severe (Jacobs, 1979). 
Characteristics: 
Tree height in Australia: 25-50 m; the trunk of many provenances is rather crooked; 
the crown tends to be thin. Bark type: smooth, patchy. Juvenile leaves: ovate to 
broadly lanceolate, stalked; stems square. Adult leaves: stalked, lanceolate, thin and 
pendant. Wood: red, close textured, interlocked or wavy grain; hard, durable, resistant 
to termites; tends to warp on drying; very useful when plain bulk is needed in large 
dimensions; density 980 kg/m3 (Jacobs, 1979). 
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Figure 2.9. Eucalyptus camaldulensis 
 
Uses: 
The most important inland hardwood in Australia; valuable for purposes varying 
from honey, through shelterbelts, to sawnwood. A good charcoal; an important 
sleeper timber. 
Already widely planted, recent work on provenances shows that provenance is most 
important when E. camaldulensis is used as an exotic. E. camaldulensis was one of 
the first species of eucalypts to be planted overseas. It was recorded planted as 
specimen trees in Naples in 1803 and was probably introduced to Italy before that; 
the first forest plantations in Italy were established in 1870. Its introduction into 
Pakistan was in 1867, and it was introduced into Uruguay and Argentina at about the 
same time. In Turkey and in Israel it was introduced in about 1884. It was introduced 
into a number of African countries toward the end of the nineteenth century or the 
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beginning of the twentieth. In Kenya it was one of the first species to be introduced 
and was recorded in 1903. The world plantation area at present is of the order of half 
a million hectares. It is the dominant species around the Mediterranean. As might be 
expected with a species having such a vast distribution, there are considerable 
differences in performance and adaptability between different provenances. The 
species is adapted to a wide variety of soils(Jacobs, 1979). 
 
1.5.2.4. Eucalyptus microtheca F. Muell. 
Common name in Australia: Coolabah 
Regions of natural Occurrence: Covers a huge area of inland mid-northern and 
northern Australia. Altitudinal range Up to 700m, summer or storm rainfall, total of 
200-1000mm. Dry season: up to 7 months 
Characteristics: 
Tree height in Australia: 15-20 m; with a short trunk and thin crown Bark type: grey 
box bark on trunk with smooth white branches, or completely smooth white bark all 
over. Juvenile leaves: sub-opposite, stalked, lanceolate to linear-lanceolate. Adult 
leaves: alternate, stalked, markedly variable in form, from linear-lanceolate to broadly 
lanceolate. Wood: dark brown to black, with numerous vessels with white contents, 
interlocked grain (Jacobs, 1979). 
Uses:  
Valuable for conservation purposes. The wood is a good fuel. It can tolerate flooding 
and irrigation and could be useful for irrigated plantations in desert areas. The species 
can tolerate calcareous soils. 
Successful in the Sudan, Iran, Iraq, Pakistan. Not good in Brazil. In the Sudan it has 
been the most successful species in irrigated plantations on cracking clays with low 
rainfall, e.g., in the Gezira. It has proved more drought- and heat-resistant than either 
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E. camaldulensis or E. tereticornis. Its form is poor but this could be improved either 
by testing new provenances from within the natural range or by individual selection. 
Yields were estimated to be directly related to the amount of irrigation water used. In 
Nigeria E. microtheca is promising in the Sudan Zone (Jacobs, 1979). 
 
   
 
  
 
 
 
 
 
 
 
 
 
 
CHAPTER THREE  
EXPERIMENTAL PART 
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3. MATERIALS AND METHODS 
 
3.1 RAW MATERIALS 
In the present study six wood species were investigated, namely:  
c. Acacia seyal var. fistula (Talh abiad, Suffar abiad) 5-6 years old. 
d. Acacia seyal var. seyal (Talh ahmer) 5-6 years old. 
e. Eucalyptus citriodora (Kafur, Ban) 6-7 years old. 
f. Eucalyptus tereticornis (Kafur, Ban) 6-7 years old. 
g. Eucalyptus camaldulensis (Kafur, Ban). 
h. Eucalyptus microtheca (Kafur, Ban). 
The two Acacia samples were collected from the Blue Nile State (South East of the 
Sudan) whereas the Eucalyptus citriodora and E. tereticornis species were collected 
from Gebel Merra Forests (Darfur, West of the Sudan), while E. camaldulensis and E. 
microtheca were collected from Kenana Sugar Co. Forest (Central Sudan) . 
3.1.1 Material Selection and Sampling 
Three trees of each wood species were randomly selected, felled and from each tree 
logs (50cm above the ground level) were taken. The logs were further reduced into 
discs of about 2.5cm thickness.  
 
3.2 SOME PHYSICAL PROPERTIES OF WOOD 
3.2.1 Wood Density 
The average wood basic density was determined as oven-dry mass/green volume 
according to British Standard B. S. 373, 1957. 
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3.2.2 Bark-to Wood Ratio 
The proportion of bark to wood was determined both by volume and by mass on 10 
specimens from each species. 
3.3 ANATOMICAL AND MORPHOLOGICAL CHARACTERISTICS 
Cross-, radial and tangential sections were prepared from wood specimens for each of 
the four species. Anatomical description was then carried for the species. 
Fiber length, cell wall thickness and lumen diameter were determined and their 
averages were calculated. Morphological indices were then calculated as follows: 
Runkel’s ratio = 
LD
2CWT  
Coefficient of cell rigidity = 
d
CWT  
Flexibility coefficient = 
d
LD  
Felting ratio = 
d
L  
 
Where: 
CWT - Average cell wall thickness, µm 
LD - Average lumen width, µm 
d - Average fiber width, µm 
L - Average fiber length, mm 
 
3.4 CHEMICAL ANALYSIS 
Representative samples were taken from each of the four species in the form of discs, 
which were further reduced into chips and ground in a star mill and then sieved. The 
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chemical analyses were carried out on the portion, which was retained on B. S. 60 
mesh after passing a B. S. 40 mesh sieve. 
Different analyses were done in accordance with the appropriate method or standard 
(Table 3.1). Some analyses were carried out on extracted meal. All data was 
represented as oven-dry soluble or component on oven-dry unextracted wood meal. 
 
Table 3.1. Standards and methods used in the chemical analysis of the raw material. 
Analysis Standard or Method 
Samples Preparation TAPPI T11  
Ash TAPPI T204 
Silica TAPPI T211 
Solubility in: Hot Water TAPPI T207 
Alcohol (95%) TAPPI T204 
Alcohol: Benzene (2:1) TAPPI T204 
1% NaOH TAPPI T212 
Cellulose (Kurschner-Hoffer) Obolenskaya, et al, 1965 
Pentosans* TAPPI T225 
Lignin** Khristova and Gabir, 1984 
* - Alcohol: Benzene extraction 
** - Alcohol; Alcohol: Benzene; and Hot Water extraction 
 
3.5 PULPING 
3.5.1 Chips Preparation 
The representative logs from each of the studied wood species were first sawn into 
discs of about 2.5cm thickness and further reduced manually into chips of 
25x25x2.5mm. The chips were kept in plastic bags in conditioned room. Moisture 
content of the air-dried chips was determined. 
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3.5.2 Pulping Liquors and Apparatus 
Automatically controlled digesters with liquor circulation were used in case of kraft, 
kraft-AQ, soda-AQ and AS-AQ pulping methods whereas in ASAM pulping a 
normal 7 liter rotary digester was used. Chips were steamed for 30min before been 
transferred to the digesters.  
Different pulping liquors were freshly prepared just before the beginning of the 
different cooks. 
3.5.3 Pulping Conditions 
Alkali charge, pulping liquor composition and other pulping conditions for the 
different pulping methods were shown in Table (3.2). 22% active alkali as sodium 
hydroxide was used in kraft, kraft-AQ and soda-AQ cooks and 24% in AS-AQ and 
ASAM cooks except for Eucalyptus tereticornis where 26% active alkali was used in 
AS-AQ cooks. In ASAM3 cook that was used later for bleaching, the cooking time 
was shortened to 150min. Where used, anthraquinone was added to the cooking 
liquor and it was dissolved in methanol in the case of ASAM cooks. 
40:60 chemicals ratio (sodium sulphide: sodium hydroxide) was used in kraft pulping. 
40:60 and 30:70 ratios (sodium sulphite: sodium hydroxide) were used in AS-AQ. In 
ASAM pulping two ratios (70:30 and 80:20) were used. 0.1% anthraquinone dose 
was used where this pulping additive was used. 20% (v/v), of the cooking liquor, 
methanol was used in ASAM pulping. 
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Table 3.2. Pulping conditions for different methods. 
Pulping Method Kraft Kraft-AQ Soda-AQ AS-AQ1 AS-AQ2 ASAM1 ASAM2 ASAM3
Active alkali as Na2O on oven-dry wood, % 17.05 17.05 17.05 18.60 18.60 18.60 18.60 18.60 
Active alkali as NaOH on oven-dry wood, % 22 22 22 24 24 24 24 24 
Chemicals ratio 40:60 40:60 - 40:60 30:70 70:30 80:20 80:20 
Anthraquinone added on oven-dry wood, % 0 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
Liquor to wood ratio 4:1 4:1 4:1 5:1 5:1 4:1 4:1 4:1 
% of NaOH 13.2 13.2 0 14.4 16.8 7.2 4.8 4.8 
% of Na2S 8.8 8.8 0 0 0 0 0 0 
% of Na2SO3 0 0 0 9.6 7.2 16.8 19.2 19.2 
Methanol, % (v/v) 0 0 0 0 0 20 20 20 
Maximum temperature. oC 160 160 160 165 165 175 175 175 
Time to maximum temperature, min. 75 75 75 75 75 75 120 120 
Time at maximum temperature, min. 165 165 165 165 165 165 165 150 
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3.6 PULP BLEACHING 
Primary TFC bleaching trials were carried out to determine the suitable stages for the 
bleaching. Kraft and ASAM pulps of Acacia seyal var. fistula and Eucalyptus 
citriodora were used in these trials.  
Five-stage bleaching sequence (O/Q/OP/Q/P) was then applied under the conditions 
in Table (3.3). 
Oxygen delignification and (OP) stages were conducted in Teflon-lined 2.5L 
autoclaves rotating in a heated oil bath. The P and Q stages were performed in sealed 
plastic bags in an agitated water bath (Kordsachia and Patt, 1987).  
Table 3.3. Bleaching conditions 
Bleaching Sequence O Q1 OP1 Q2 P 
Temperature, °C 98 60 95 60 80 
Time, min 120 30 90 30 210 
Consistency, % 14 3 12 3 12 
DTPA, % - 0.2  0.2 - 
H2O2, % - - 2 - 2 
NaOH, % 2.5 - 1.5 - 2 
MgSO4, % 0.3 - 0.3 - 0.1 
DTPMPA, % - - - - 0.05 
Initial pH 12.4 5.1 11.3 5.3 11.7 
Final pH 12.1 6.2 11 5.4 12.5 
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3.7 PULP TREATMENT AND EVALUATION 
After washing, pulps were defibrated in a turbo pulper for 5min. The pulp was then 
screened and centrifugally dried, granulated and kept in polythene bags. Moisture 
content was then determined and the total screened yield and rejects were calculated. 
Kappa number was determined in accordance with SCAN-C1: 17 method. 
ISO brightness and viscosity were determined for each pulp according to appropriate 
standards and methods. 
The pulp was beaten in a Yokro Mill for time intervals of 15min. The zero-time and 
different time intervals drainability of pulp were determined with Schopper-Riegler 
apparatus according to SCAN-C19: 65. 
 Handsheets for physical tests were prepared from unbeaten and beaten pulps. The 
handsheets were then kept in a conditioned room before performing the different tests. 
Physical testing of paper sheets was carried out according to the different testing 
standards as shown in Table (3.4). 
 
Table 3.4. Testing methods and standards for paper evaluation 
Operation Method 
Handsheets formation Zellchenming V/19/63 
Conditioning TAPPI T402 
Thickness, specific volume Zellchenming V/12/57 
Tensile strength Zellchenming V/12/57 
Tear strength DIN 53128 
Burst strength Zellchenming V/12/57 
Opacity Zellchenming V/12/57 
Light-scattering coefficient SCAN-C27: 69 
Light-absorption coefficient SCAN-C27: 69 
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4. RESULTS AND DISCUSSION 
 
 
4.1 Some Physical Properties of the Raw Material 
Table 4.1 represents the basic density and bark-to-wood ratio by volume and by 
mass for the Acacia wood species. The basic density of the two Acacia seyal 
varieties was found to be above the average of the usual density range for 
commercial pulpwood which was reported as 350-650kg/m3 (Casey, 1980).  
The yield of pulp per unit volume is directly related to the basic density (FAO, 
1973) and also density affects paper properties. The paper sheets from these wood 
species are expected to be of high density. 
Table 4.1. Basic density and bark-to-wood ratios for the Acacia wood species 
Wood Species
Property 
Acacia seyal 
 var. fistula 
Acacia seyal 
 var. seyal 
Basic density, kg/m3 669 692 
Bark-to-wood ratio by volume 5.4 4.3 
Bark-to-wood ratio by mass 13.0 10.5 
 
Eucalyptus microtheca resembles the two Acacias as far as the wood density is 
considered whereas the other three Eucalyptus species have lower wood density 
(Table 4.2). The former has higher than the average acceptable density for pulp 
wood. 
The bark-to-wood ratios of the six species were within the range for the pulpwood 
although somewhat low for the Acacias.  
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Table 4.2. Basic density and bark-to-wood ratios for the four Eucalyptus wood 
species. 
Wood Species 
Property 
Eucalyptus 
citriodora 
Eucalyptus 
tereticornis 
Eucalyptus 
camaldulensis 
Eucalyptus 
microtheca 
Basic density, kg/m3 615 578 531 695 
Bark-to-wood ratio by volume 8.5 6.8 14.3 18.2 
Bark-to-wood ratio by mass 15.2 12.9 19.9 18.5 
n/a = not available 
 
4.2 General Anatomical Features of the Wood Species 
The general appearance of the Acacias wood is yellow and it is difficult to 
distinguish heartwood. Acacia seyal var. fistula was of solitary to multiple (2-3) 
vessels and these form clusters. Parenchyma cells were vasicentric, aliform and 
apotracheal. The rays were heterogeneous and multiseriate. Libriform fibers were 
non-septate. Tyloses were evident within the vessels and crystals within the 
parenchyma cells. 
The vessels in Acacia seyal var. seyal were mostly multiple (2-3), rarely solitary 
and in clusters. Parenchyma were also apotracheal with some crystals. The rays 
were heterogeneous. Neither the rays nor the libriform fibers were septate. 
Wood of Eucalyptus citriodora is pale yellow and of no remarkable difference 
between sapwood and heartwood. Whereas the other three Eucalyptus species 
were of yellowish sapwood and brownish heartwood. 
The vessels in the Eucalyptus species were mostly solitary but in E. citriodora 
they were mostly in chain arrangement, multiple (2-7) and sometimes in clusters. 
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Parenchyma cells were diffused. The fibers were non-septate. The rays were 
heterogeneous, di- to uniseriate. No crystals were evident.  
The genus Eucalyptus can be divided into two distinct groups, Eucalyptus A in 
which the vessels are solitary and the longitudinal parenchyma mostly apotracheal 
and Eucalyptus B in which the vessels occur in radial multiple or cluster and the 
parenchyma in paratracheal arrangement (E. citriodora in our case) (Bamber, 
1985). 
In general the physical and anatomical features of the six species did not indicate 
serious problems for liquor penetration and impregnation. 
 
4.3 Fiber Morphology and Indices 
It could be notices from Table 4.3 that the average fiber length of Acacia seyal 
var. seyal and var. fistula was found to be short (0.8mm) whereas their cell wall 
thickness was thin, especially for var. fistula (2.3 and 1.4µm respectively). These 
parameters were below the average for known commercial hardwoods used in 
pulp and paper industry. 
These fibers were of acceptable flexibility coefficients and felting power. Their 
Runkel ratio was below 1 indicating good pulping suitability.  
Thinner walled fibers are more flexible and should have better bonding strength in 
papermaking. Moreover, the beatability of a fiber is related to the ease with which 
fiber collapse that easily takes place with a thin walled cell. Thick walled fibers 
are stiffer and less flexible and form bulkier paper of lower bonded area 
(Khristova, 1990). 
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Table 4.3. Fiber characteristics and morphological indices of Acacia seyal var. 
seyal and var. fistula. 
   
Property Acacia seyal var. seyal Acacia seyal var. fistula 
     
   
Fiber Dimensions   
Fiber length, mm 0.8 0.8 
Fiber width, µm 13.8 11.9 
Lumen width, µm 9.1 9.2 
Wall thickness, µm 2.3 1.4 
   
Morphological indices   
Flexibility coefficient 66.0 77.0 
Cell rigidity 0.2 0.1 
Felting power 59.4 63.5 
Runkel ratio 0.5 0.3 
     
 
The fiber lengths of Eucalyptus citriodora and E. microtheca (0.8mm) are similar 
to that of the two varieties of Acacia seyal whereas that of E. camaldulensis is 
somewhat shorter (0.7mm) and even E. tereticornis is of noticeably shorter fiber 
length (0.5mm), Table 4.4.  The fibers of the four Eucalyptus species were 
comparatively thin and close to that of the Acacia, and hence they have also 
similar flexibility coefficient but two of them, namely E. citriodora and E. 
tereticornis were of lower felting power; and the other two of higher power. 
Especially E. citriodora fibers are expected to work similar to the two Acacias. 
E. microtheca if of much higher Runkel ratio compared to all of the other studied 
species and this may affect the pulp properties of this species. 
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Table 4.4. Fiber characteristics and morphological indices of the four Eucalyptus 
species. 
     
Property 
Eucalyptus 
citriodora 
Eucalyptus 
tereticornis
Eucalyptus 
camaldulensis 
Eucalyptus 
microtheca
       
     
Fiber Dimensions     
Fiber length, mm 0.8 0.5 0.7 0.8 
Fiber width, µm 13.7 11.4 9.5 11.3 
Lumen width, µm 8.9 7.6 5.4 5.6 
Wall thickness, µm 2.4 1.9 2.0 2.8 
     
Morphological 
indices     
Flexibility coefficient 65.0 66.0 57.0 50.0 
Cell rigidity 0.2 0.2 0.21 0.25 
Felting power 57.2 46.1 76.84 68.14 
Runkel ratio 0.5 0.5 0.7 1.0 
     
 
4.4 Chemical Composition of the Raw Material 
4.4.1 Chemical Composition of Acacia seyal 
The chemical analysis of the two Acacia seyal varieties is given in Table 4.5 
below. As it could be noticed from the table these two varieties differ slightly in 
the values of their chemical components with few exceptions. Ash and silica 
contents are the same, but the variety seyal contains higher percent extractives. 
The ash content of the two varieties is lower than the normal (3-5%) for tropical 
hardwoods (Rydholm, 1965). This is usually high for temperate zone hardwoods, 
but not so high for tropical hardwoods and may causes serious problems in alkali 
consumption or black liquor recovery. However, the extractive materials were 
somewhat higher for temperate zone but within the normal limits for such tropical 
wood species. 
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The variety seyal was found to be of slightly higher cellulose content (46.5% 
compared to 45.3% in variety fistula), which in turn had lower lignin content 
(18.3% compared to 19.1% in variety seyal), Table 4.5. 
Table 4.5. Chemical composition of Acacia seyal var. seyal and var. fistula from 
different habitats and ages (percent oven-dry, unextracted wood) 
 Acacia seyal var. seyal Acacia seyal var. fistula 
Origin, reference, Sudan Sudan1 Sudan Sudan1 
age
Property  
5-6 yrs 8-9 yrs 5-6 yrs 8-9 yrs 
     
Ash Content 2.3 2.0 2.3 1.1 
Silica 0.1 0.1 0.1 0.1 
Soluble in:     
Hot Water 8.3 6.7 6.5 7.1 
1% NaOH 21.6 16.2 19.0 17.5 
Ethanol (95%) 4.9 5.0 4.5 4.6 
Alcohol: Benzene (1:2) 4.1 4.5 3.8 4.1 
Cellulose (Kurschner- Hoffer) 46.5 45.3 45.3 48.3 
Pentosans 17.5 22.7 18.0 21.4 
Lignin 19.1 19.2 18.3 19.7 
Cellulose: Lignin ratio 2.4  2.4 2.5  2.5 
     
1Khristova e al, 1997 
 
4.4.2 Chemical Composition of the Eucalyptus Species 
The Eucalyptuses were found to be of the same very low ash contents (0.6-0.8%) 
and also low silica contents (0.1%). Eucalyptus citriodora was of lower 
extractives but the other three eucalypts were comparable with the two Acacias as 
shown in Tables (4.6) below.  
Eucalyptus citriodora was of the highest cellulose content among the six studied 
species (48.2%) whereas E. tereticornis, E. camaldulensis and E. microtheca were 
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of the lower cellulose (44.5, 44.1 and 42.3%) as the yields expected should be in 
the same order. E. citriodora and E. tereticornis have considerably higher lignin 
content than that of the Acacias (22.7 and 23.5% respectively), the other two were 
of slightly higher lignin. The Eucalyptus species may need higher alkali charge to 
pulp to the same degree of delignification compared to the two Acacias. 
In general the six species especially the two Acacias are in the range for tropical 
hardwoods, with their ash content and hot water extractives affecting the economy 
of pulping. The good cellulose content indicated good yield, while pentosans 
content indicated easy hydration and beating. The cellulose-to-lignin ratios except 
for Eucalyptus tereticornis were higher than 2, as for temperate hardwoods used 
for pulping. 
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4.5 PULPING WITH DIFFERENT PROCESSES AND PULP EVALUATION 
The two varieties of Acacia seyal and Eucalyptus citriodora and E. tereticornis 
were cooked employing four different alkaline pulping processes with additives, 
namely kraft-AQ; soda-AQ; alkaline sulphite-AQ (ASAQ); and alkaline sulphite-
AQ-methanol (ASAM) with kraft as reference, E. camaldulensis and E. 
microtheca were cooked under kraft and ASAM1 conditions only. 17.05% active, 
calculated as sodium oxide (Na2O), was used for all of the species in kraft; kraft-
AQ and soda-AQ cooks. However, 18.6% active alkali as Na2O was used in 
ASAQ and ASAM cooks for both Acacias and E. citriodora and 20.15% active 
alkali as Na2O was used for E. tereticornis. In all cases 0.1% anthraquinone 
charge was used. 
Chemicals ratio (Na2S: NaOH) was 40:60 in kraft and kraft-AQ cooks, 40:60 and 
30:70 (Na2SO3: NaOH) in ASAQ, 70:30 and 80:20 (Na2SO3: NaOH) in ASAM 
cooks. In case of AS-AQ cooks, the NaOH portion was injected at maximum 
temperature.  
The maximum cooking temperature was 160oC in kraft, kraft-AQ, and soda-AQ 
cooks, 165oC in alkaline sulphite-AQ and 175oC in ASAM. Time to maximum 
temperature was 75 min except for the second and third ASAM cooks where it 
was 120 min. Cooking time at maximum temperature was 165 min except in the 
third ASAM where it was 150 min and this was done same kappa number to the 
limits for kraft since the kraft and ASAM3 pulps would be used later for TFC 
bleaching. 
4.5.1. Pulping and Pulp Evaluation of the Acacias 
Pulping conditions, pulp yield, pulp evaluation, and hand sheets properties of 
Acacia seyal var. fistula and var. seyal were shown in Tables (4.7-4.14). 
Kappa number for Acacia seyal var. fistula pulps was around 20 in kraft, kraft-
AQ, soda-AQ and ASAQ cooks but it was considerably lower in ASAM1 and 
ASAM2 cooks where (14.1 and 16.9 respectively). This lower kappa number 
attained in ASAM cooks may be attributed to the observation that in the initial 
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cooking phase the delignification proceeds very fast, and when maximum 
temperature is reached, the kappa number has already dropped below 30 as stated 
by Kordsachia et al (1992). It was also found that after 30 min at 180oC, the pulp 
is already delignified to kappa number 20, but further lignin removal takes place 
slowly afterwards.  
The lowest unscreened pulp yield (44.4%) was produced in kraft cook and highest 
(48.56%) in alkaline sulphite-AQ. Somewhat higher rejects contents were noticed 
in ASAQ and ASAM cooks. The rejects were found to be low especially in kraft 
and kraft-AQ cooks while they were higher in ASAQ cooks and their content 
seems to increase with the sulphudity of the process. 
The gain from the addition of AQ to kraft pulping liquor was fluctuated in 
different species and cooking methods. A gain of 1.8% of pulp yield was attained 
in Acacia seyal var. fistula along with lower kappa number. Also the same pattern 
was noticed in var. seyal where even higher yield gain (2.6%) was attained.  
The addition of anthraquinone increased the delignification rate and allowed 
reduction in sulphudity (Jeronimo et al, 2000). 
Although ASAM pulps were delignified to lower kappa numbers and with higher 
active alkali charge, their yield was higher as compared to the kraft pulps. One 
explanation for these results could be that the ASAM cooking process removes 
lignin more selectively resulting in less degradation of cellulose and 
hemicelluloses which was further reflected in higher initial ISO brightness 
viscosity and consequently better strength properties (Tables 4.7-4.14). The pulps 
produced in ASAM cooks showed considerably higher initial ISO brightness 
(44.8 and 54.2% compared to much lower (23.4, 25.5, 25.9, 28.3 and 28.4%) 
kraft-AQ, soda-AQ, kraft, and ASAQ pulps respectively (Fig. 4.1 and 4.2). 
Alkaline sulphite-AQ pulps required shorter beating time to attain the same 
freeness degree compared to other pulps like kraft and kraft-AQ required the 
longest beating time. The highest runnability factor was noticed in ASAM pulps 
(Fig. 4.3 and 4.4). 
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Table 4.7. Acacia seyal var. fistula kraft and kraft-AQ pulping conditions and unbleached pulp 
evaluation. 
Pulping process  Kraft  Kraft-AQ 
Cook code  AF2  AF5 
Pulping Conditions     
Active alkali as Na2O on oven-dry wood, %  17.05  17.05 
Chemicals Ratio  40:60  40:60 
Anthraquinone added on oven-dry wood, %  0  0.1 
Liquor-to-wood ratio  4:1  4:1 
% of NaOH  13.2  13.2 
% of Na2S  8.8  8.8 
% of Na2SO3  0  0 
MeOH, % (v/v)  0  0 
Maximum temperature. oC  160  160 
Time to maximum temperature, min.  75  75 
Time at maximum temperature, min.  165  165 
Pulp yield     
Yield of oven-dry digested pulp on oven-dry wood, % 44.39  45.93 
Yield of oven-dry screened pulp on oven-dry wood, % 44.09  45.91 
Rejects on oven-dry wood, %  0.30  0.02 
Pulp evaluation     
Viscosity, ml/g  914  880 
ISO brightness, %  25.92  23.42 
Kappa number  21.40  20.84 
     
Initial pulp (ub) freeness oSR 14.5  15.5 
Beating time, min ub 0  0 
 25 56  38 
 30 80  70 
Apparent density, g/cm ub 0.43  0.43 
 25 0.60  0.63 
 30 0.63  0.65 
Runnability factor ub 2.2  2.6 
 25 7.5  6.9 
 30 7.2  7.0 
Tensile index, Nm/g ub 23.0  24.3 
 25 61.1  57.2 
 30 61.8  60.3 
Tear index, mN m2/g  ub 2.1  2.8 
 25 8.9  8.2 
 30 8.1  8.0 
Burst index, kPa m2/g ub 1.1  1.1 
 25 4.2  3.9 
 30 4.3  3.9 
Light-absorption coefficient, m2/kg ub 17.4  17.0 
 25 15.8  20.9 
 30 15.1  16.0 
Opacity 80 g/m2, % ub 99.8  99.7 
 25 99.6  99.5 
 30 99.6  99.5 
Light-scattering coefficient, m2/kg ub 32.9  31.6 
 25 25.0  25.2 
 30 24.0  24.7 
n/a: not available     
ub: unbeaten     
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Table 4.8. Acacia seyal var. fistula: kraft and soda-AQ pulping conditions and unbleached 
pulp evaluation. 
Pulping process  Kraft  Soda-AQ 
Cook code  AF2  AF4 
Pulping Conditions     
Active alkali as Na2O on oven-dry wood, %  17.05  17.05 
Chemicals Ratio  40:60  - 
Anthraquinone added on oven-dry wood, %  0  0.1 
Liquor to wood ratio  4:1  4:1 
% of NaOH  13.2  0 
% of Na2S  8.8  0 
% of Na2SO3  0  0 
MeOH, % (v/v)  0  0 
Maximum temperature. oC  160  160 
Time to maximum temperature, min.  75  75 
Time at maximum temperature, min.  165  165 
Pulp yield     
Yield of oven-dry digested pulp on oven-dry wood, %  44.4  45.2 
Yield of oven-dry screened pulp on oven-dry wood, %  44.1  44.9 
Rejects on oven-dry wood, %  0.3  0.4 
Pulp evaluation     
Viscosity, ml/g  914  768 
ISO brightness, %  25.9  25.5 
Kappa number  21.4  21.9 
     
Initial pulp (ub) freeness oSR 14.5  15.5 
Beating time, min ub 0  0 
 25 56  38 
 30 80  64 
Apparent density, g/cm ub 0.43  0.45 
 25 0.60  0.60 
 30 0.63  0.62 
Runnability factor ub 2.2  2.9 
 25 7.5  6.2 
 30 7.2  6.0 
Tensile index, Nm/g ub 23.0  27.0 
 25 61.1  54.5 
 30 61.8  54.8 
Tear index, mN m2/g  ub 2.1  3.1 
 25 8.9  6.9 
 30 8.1  6.4 
Burst index, kPa m2/g ub 1.1  1.1 
 25 4.2  3.3 
 30 4.3  3.3 
Light-absorption coefficient, m2/kg ub 17.4  17.2 
 25 15.8  16.0 
 30 15.1  15.4 
Opacity 80 g/m2, % ub 99.8  99.8 
 25 99.6  99.7 
 30 99.6  99.6 
Light-scattering coefficient, m2/kg ub 32.9  33.3 
 25 25.0  27.2 
 30 24.0  26.4 
n/a: not available     
ub: unbeaten     
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Table 4.9. Acacia seyal var. fistula: kraft and ASAQ pulping conditions and 
unbleached pulp evaluation. 
Pulping process  Kraft  ASAQ1  ASAQ2
Cook code  AF2  AF6S  AF7S 
Pulping Conditions       
Active alkali as Na2O on oven-dry wood, %  17.05  18.60  18.60 
Chemicals Ratio  40:60  40:60  30:70 
Anthraquinone added on oven-dry wood, %  0  0.1  0.1 
Liquor to wood ratio  4:1  5:1  5:1 
% of NaOH  13.2  14.4  16.8 
% of Na2S  8.8  0  0 
% of Na2SO3  0  9.6  7.2 
MeOH, % (v/v)  0  0  0 
Maximum temperature. oC  160  165  165 
Time to maximum temperature, min.  75  75  75 
Time at maximum temperature, min.  165  165  165 
Pulp yield       
Yield of oven-dry digested pulp on oven-dry wood, %  44.4  48.6  46.9 
Yield of oven-dry screened pulp on oven-dry wood, %  44.1  45.6  45.8 
Rejects on oven-dry wood, %  0.3  2.9  1.1 
Pulp evaluation       
Viscosity, ml/g  914  901  859 
ISO Brightness, %  25.9  28.3  28.4 
Kappa number  21.4  20.2  19.2 
       
Initial pulp (ub) freeness oSR 14.5  15.5  15.5 
Beating time, min ub 0  0  0 
 25 56  35  25 
 30 80  60  45 
Apparent density, g/cm ub 0.43  0.45  0.45 
 25 0.60  0.63  0.61 
 30 0.63  0.64  0.64 
Runnability factor ub 2.20  2.8  3.5 
 25 7.50  7.3  7.1 
 30 7.20  7.4  7.2 
Tensile index, Nm/g 0 23.00  28.6  25.9 
 25 61.10  67.8  56.0 
 30 61.80  70.5  58.9 
Tear index, mN*m2/g  ub 2.10  2.7  4.7 
 25 8.90  7.8  8.8 
 30 8.10  7.6  8.7 
Burst index, kPa*m2/g ub 1.10  1.0  1.2 
 25 4.20  4.2  3.6 
 30 4.30  4.4  3.9 
Light-absorption coefficient, m2/kg ub 17.35  12.7  3.8 
 25 15.78  12.3  4.5 
 30 15.12  12.0  4.6 
Opacity 80 g/m2, % ub 99.80  99.7  99.5 
 25 99.60  99.2  99.2 
 30 99.60  99.0  99.2 
Light-scattering coefficient, m2/kg ub 32.90  35.5  115.1 
 25 25.00  26.6  73.7 
 30 24.00  25.9  68.3 
n/a: not available       
ub: unbeaten       
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Table 4.10. Acacia seyal var. fistula: kraft and ASAM pulping conditions and 
unbleached pulp evaluation. 
Pulping process  Kraft  ASAM 
Cook code  AF2  AF8  AF9  AF10 
Pulping Conditions         
Active alkali as Na2O on oven-dry wood, %  17.05  18.60  18.60  18.60 
Chemicals Ratio  40:60  70:30  80:20  80:20 
Anthraquinone added on oven-dry wood, %  0  0.1  0.1  0.1 
Liquor to wood ratio  1:4  4:1  4:1  4:1 
% of NaOH  13.2  7.2  4.8  4.8 
% of Na2S  8.8  0  0  0 
% of Na2SO3  0  16.8  19.2  19.2 
MeOH, % (v/v)  0  20  20  20 
Maximum temperature. oC  160  175  175  175 
Time to maximum temperature, min.  75  75  120  120 
Time at maximum temperature, min.  165  165  165  150 
Pulp yield         
Yield of oven-dry digested pulp on oven-dry wood, %  44.4  46.0  47.5  47.9 
Yield of oven-dry screened pulp on oven-dry wood, %  44.1  44.2  45.7  46.3 
Rejects on oven-dry wood, %  0.3  1.8  1.8  1.6 
Pulp evaluation         
Viscosity, ml/g  914  1093  1091  1112 
ISO brightness, %  25.9  44.8  54.2  53.0 
Kappa number  21.4  14.1  16.9  17.3 
         
Initial pulp (ub) freeness oSR 14.5  15  14  13.3 
Beating time, min ub 0  0  0  0 
 25 56  38  39  45 
 30 80  69  63  67 
Apparent density, g/cm ub 0.43  0.47  0.47  0.48 
 25 0.60  0.64  0.65  0.66 
 30 0.63  0.65  0.66  0.67 
Runnability factor ub 2.20  2.7  2.8  2.6 
 25 7.50  7.7  8.1  8.5 
 30 7.20  8.0  8.5  8.7 
Tensile index, Nm/g ub 23.00  27.2  29.0  24.8 
 25 61.10  67.4  73.5  74.3 
 30 61.80  70.9  77.7  76.7 
Tear index, mN*m2/g  ub 2.10  2.5  2.7  2.8 
 25 8.90  8.7  8.7  9.6 
 30 8.10  8.9  9.0  9.8 
Burst index, kPa*m2/g ub 1.10  1.0  1.0  1.0 
 25 4.20  4.3  5.1  5.3 
 30 4.30  4.5  5.5  5.3 
Light-absorption coefficient, m2/kg ub 17.35  5.1  3.1  2.6 
 25 15.78  4.5  2.8  2.5 
 30 15.12  4.4  2.8  2.3 
Opacity 80 g/m2, % ub 99.80  98.0  96.3  95.2 
 25 99.60  95.3  92.9  91.9 
 30 99.60  95.2  92.1  91.2 
Light-scattering coefficient, m2/kg ub 32.90  416.0  42.7  42.9 
 25 25.00  29.1  30.0  29.5 
 30 24.00  28.5  28.5  28.9 
n/a: not available         
ub: unbeaten         
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Table 4.11. Acacia seyal var. seyal: kraft and kraft-AQ pulping conditions and 
unbleached pulp evaluation. 
Pulping process  Kraft  Kraft-AQ 
Cook code  AS2  AS5 
Pulping Conditions     
Active alkali as Na2O on oven-dry wood, %  17.05  17.05 
Chemicals Ratio  40:60  40:60 
Anthraquinone added on oven-dry wood, %  0  0.1 
Liquor to wood ratio  4:1  4:1 
% of NaOH  13.20  13.20 
% of Na2S  8.80  8.80 
% of Na2SO3  0  0 
MeOH, % (v/v)  0  0 
Maximum temperature. oC  160  160 
Time to maximum temperature, min.  75  75 
Time at maximum temperature, min.  165  165 
Pulp yield     
Yield of oven-dry digested pulp on oven-dry wood, % 42.3  44.8 
Yield of oven-dry screened pulp on oven-dry wood, % 42.2  44.8 
Rejects on oven-dry wood, %  0.1  0.0 
Pulp evaluation     
Viscosity, ml/g  870  837 
ISO Brightness, %  20.2  20.5 
Kappa number  22.3  21.6 
     
Initial pulp (ub) freeness oSR 13  13.5 
Beating time, min ub 0  0 
 25 67  49 
 30 83  70 
Apparent density, g/cm ub 0.45  0.46 
 25 0.60  0.61 
 30 0.63  0.63 
Runnability factor ub 2.9  3.0 
 25 7.6  7.3 
 30 7.5  7.5 
Tensile index, Nm/g ub 27.0  26.9 
 25 64.2  60.7 
 30 65.9  63.7 
Tear index, mN*m2/g  ub 3.0  3.3 
 25 8.9  8.7 
 30 8.3  8.7 
Burst index, kPa*m2/g 0 1.1  1.1 
 25 4.0  3.9 
 30 4.1  4.0 
Light-absorption coefficient, m2/kg ub 19.4  18.9 
 25 19.4  19.1 
 30 18.8  19.9 
Opacity 80g/m2, % 0 99.7  99.6 
 25 99.6  99.9 
 30 99.6  99.8 
Light-scattering coefficient, m2/kg ub 24.4  22.3 
 25 20.3  20.6 
 30 20.1  21.3 
n/a: not available     
ub: unbeaten     
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Table 4.12. Acacia seyal var. seyal: kraft and soda-AQ pulping conditions and 
unbleached pulp evaluation. 
Pulping process  Kraft  Soda-AQ 
Cook code  AS2  AS4 
Pulping Conditions     
Active alkali as Na2O on oven-dry wood, %  17.05  17.05 
Chemicals Ratio  40:60  - 
Anthraquinone added on oven-dry wood, %  0  0.1 
Liquor to wood ratio  4:1  4:1 
% of NaOH  13.20  22.00 
% of Na2S  8.80  0.00 
% of Na2SO3  0  0 
MeOH, % (v/v)  0  0 
Maximum temperature. oC  160  160 
Time to maximum temperature, min.  75  75 
Time at maximum temperature, min.  165  165 
Pulp yield     
Yield of oven-dry digested pulp on oven-dry wood, %  42.3  43.8 
Yield of oven-dry screened pulp on oven-dry wood, %  42.2  43.7 
Rejects on oven-dry wood, %  0.1  0.1 
Pulp evaluation     
Viscosity, ml/g  870  754 
ISO Brightness, %  20.2  20.2 
Kappa number  22.3  22.9 
     
Initial pulp (ub) freeness oSR 13  14.5 
Beating time, min ub 0  0 
 25 67  54 
 30 83  72 
Apparent density, g/cm ub 0.45  0.44 
 25 0.60  0.60 
 30 0.63  0.62 
Runnability factor ub 2.9  3.1 
 25 7.6  6.7 
 30 7.5  6.6 
Tensile index, Nm/g ub 27.0  27.8 
 25 64.2  56.6 
 30 65.9  56.9 
Tear index, mN*m2/g  ub 3.0  3.4 
 25 8.9  7.8 
 30 8.3  7.5 
Burst index, kPa*m2/g 0 1.1  1.1 
 25 4.0  3.2 
 30 4.1  3.4 
Light-absorption coefficient, m2/kg ub 19.4  19.1 
 25 19.4  18.8 
 30 18.8  18.3 
Opacity 80g/m2, % 0 99.7  99.7 
 25 99.6  95.7 
 30 99.6  95.0 
Light-scattering coefficient, m2/kg ub 24.4  25.2 
 25 20.3  21.7 
 30 20.1  21.6 
n/a: not available     
ub: unbeaten     
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Table 4.13. Acacia seyal var. seyal: kraft and AS-AQ pulping conditions and 
unbleached pulp evaluation. 
Pulping process  Kraft  ASAQ1  ASAQ2
Cook code  AS2  AS6S  AS7S 
Pulping Conditions       
Active alkali as Na2O on oven-dry wood, %  17.05  18.6  18.6 
Chemicals Ratio  40:60  40:60  30:70 
Anthraquinone added on oven-dry wood, %  0  0.1  0.1 
Liquor to wood ratio  4:1  5:1  5:1 
% of NaOH  13.20  14.4  16.80 
% of Na2S  8.80  0  0 
% of Na2SO3  0  9.6  7.2 
MeOH, % (v/v)  0  0  0 
Maximum temperature. oC  160  165  165 
Time to maximum temperature, min.  75  75  75 
Time at maximum temperature, min.  165  165  165 
Pulp yield       
Yield of oven-dry digested pulp on oven-dry wood, %  42.3  49.6  47.2 
Yield of oven-dry screened pulp on oven-dry wood, %  42.2  46.8  46.4 
Rejects on oven-dry wood, %  0.1  2.8  0.8 
Pulp evaluation       
Viscosity, ml/g  870  900  901 
ISO Brightness, %  20.17  23.74  28.7 
Kappa number  22.3  23.43  21.1 
       
Initial pulp (ub) freeness oSR 13  14.5  16 
Beating time, min ub 0  0  0 
 25 67  42  41 
 30 83  62  64 
Apparent density, g/cm ub 0.45  0.45  0.45 
 25 0.60  0.63  0.64 
 30 0.63  0.65  0.65 
Runnability factor ub 2.90  2.9  3.4 
 25 7.60  7.8  7.5 
 30 7.50  7.8  7.7 
Tensile index, Nm/g ub 27.00  28.0  28.3 
 25 64.20  68.9  60.6 
 30 65.90  72.5  62.6 
Tear index, mN*m2/g  ub 3.00  2.9  4.0 
 25 8.90  8.7  9.2 
 30 8.30  8.2  9.2 
Burst index, kPa*m2/g 0 1.10  1.2  1.1 
 25 4.00  4.6  3.9 
 30 4.10  4.7  4.0 
Light-absorption coefficient, m2/kg ub 19.36  17.2  14.7 
 25 19.35  16.1  13.5 
 30 18.83  16.6  14.2 
Opacity 80g/m2, % 0 99.70  99.8  99.5 
 25 99.60  99.3  99.1 
 30 99.60  99.5  98.9 
Light-scattering coefficient, m2/kg ub 24.40  30.6  32.9 
 25 20.30  21.4  23.4 
 30 20.10  22.5  23.3 
n/a: not available       
ub: unbeaten       
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Table 4.14. Acacia seyal var. seyal: kraft and ASAM pulping conditions and 
unbleached pulp evaluation. 
Pulping process  Kraft  ASAM1  ASAM2
Cook code  AS2  AS8  AS9 
Pulping Conditions       
Active alkali as Na2O on oven-dry wood, %  17.05  18.6  18.6 
Chemicals Ratio  40:60  70:30  80:20 
Anthraquinone added on oven-dry wood, %  0  0.1  0.1 
Liquor to wood ratio  4:1  5:1  5:1 
% of NaOH  13.20  7.2  4.8 
% of Na2S  8.80  0  0 
% of Na2SO3  0  16.8  19.2 
MeOH, % (v/v)  0  20  20 
Maximum temperature. oC  160  175  175 
Time to maximum temperature, min.  75  75  120 
Time at maximum temperature, min.  165  165  165 
Pulp yield       
Yield of oven-dry digested pulp on oven-dry wood, %  42.3  46.3  48.1 
Yield of oven-dry screened pulp on oven-dry wood, %  42.2  45.1  47.2 
Rejects on oven-dry wood, %  0.1  1.3  0.8 
Pulp evaluation       
Viscosity, ml/g  870  1014  1045 
ISO Brightness, %  20.2  35.9  45.3 
Kappa number  22.3  14.0  17.4 
       
Initial pulp (ub) freeness oSR 13  14  14 
Beating time, min ub 0  0  0 
 25 67  55  50 
 30 83  75  67 
Apparent density, g/cm ub 0.45  0.47  0.48 
 25 0.60  0.64  0.65 
 30 0.63  0.65  0.65 
Runnability factor ub 2.9  3.0  3.0 
 25 7.6  8.2  8.5 
 30 7.5  8.1  8.6 
Tensile index, Nm/g ub 27.0  25.9  26.9 
 25 64.2  67.8  70.2 
 30 65.9  65.7  72.0 
Tear index, mN*m2/g  ub 3.0  3.4  3.3 
 25 8.9  9.8  10.1 
 30 8.3  9.7  10.2 
Burst index, kPa*m2/g 0 1.1  0.9  1.1 
 25 4.0  4.6  4.8 
 30 4.1  4.6  4.9 
Light-absorption coefficient, m2/kg ub 19.4  5.4  4.6 
 25 19.4  7.3  4.3 
 30 18.8  7.5  4.2 
Opacity 80g/m2, % 0 99.7  98.5  96.9 
 25 99.6  97.0  93.9 
 30 99.6  96.8  93.6 
Light-scattering coefficient, m2/kg ub 24.4  33.9  35.3 
 25 20.3  23.9  24.6 
 30 20.1  23.5  24.6 
n/a: not available       
ub: unbeaten       
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Figure 4.3. Acacia seyal var. fistula: Runnability factor vs beating degree 
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Figure 4.4. Acacia seyal var. seyal: Runnability factor vs beating degree 
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In general, pulps produced employing ASAM cooking process showed better 
strength properties compared to those produced by the other processes. For 
instance ASAM pulps had the better tensile, tear and burst indices (Fig. 4.5 and 
4.6). 
While the ASAQ1 developed higher tensile and to some extent burst indices 
compared to kraft, kraft-AQ and soda-AQ pulps; in ASAQ2 only tear index was 
better one. 
The same trend was noticed in Acacia seyal var. seyal where ASAM pulps had the 
better strength properties followed by ASAQ, kraft, kraft-AQ and soda-AQ pulps 
respectively (Fig. 4.7 and 4.8). 
ASAM pulps of both the two Acacia seyal varieties had high light scattering 
coefficient and the lowest absorption coefficient. 
The two varieties of Acacia seyal showed similar physical, anatomical and 
chemical properties and hence, as expected, behave similar in different cooking 
methods. They are closer to temperate hardwoods with good carbohydrate content 
and favourable cellulose/lignin ratio for normal pulping with low to moderate 
chemical charge. They respond well to AQ-addition and behave well in ASAQ 
and ASAM cooks as indicated by better yield, viscosity of pulp and optical 
indices and strength properties of paper especially in ASAM.     
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Figure 4.5. Acacia seyal var. fistula: Tensile index vs beating degree 
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Figure 4.6. Acacia seyal var. fistula: Tear index vs beating degree 
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Figure 4.7. Acacia seyal var. seyal: Tensile index vs beating degree 
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Figure 4.8. Acacia seyal var. seyal: Tear index vs beating degree 
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4.5.2. Pulping and Pulp Evaluation of the Eucalyptuses 
In the case of the four Eucalyptus species, E. citriodora (Tables 4.15-4.22) seems 
to be easier to cook than the E. tereticornis even when higher alkali charge was 
employed. Eucalyptus citriodora could be compared to the Acacias (Tables 4.7-
4.14) although it gives somewhat better indices especially in respect to screened 
yield. The kappa number attained ranged between 22 in soda-AQ down to 13.8 in 
ASAM1 for E. citriodora, 24.4 and 20.3 in E. camaldulensis kraft and ASAM 
pulps, 25.8 and 26.0 in E. microtheca, respectively and between 31.9 in kraft and 
soda-AQ to 27.1 in kraft-AQ for E. tereticornis. 
Considerably higher screened yields were obtained in E. citriodora with the 
higher figure (51.5%) in ASAM3 cook and lower (46.9%) in kraft cook which is 
still better than the most yields obtained in the other species throughout the 
different cooks. 
Negligible rejects were noticed in kraft, kraft-AQ and soda-AQ. In AS-AQ cooks 
somewhat higher, but still acceptable rejects were found (1.5% in AS-AQ1). In 
ASAM cooks the rejects ranged between 1.8 to 3.7%. 
Kraft-AQ pulping of E. citriodora yielded about 1% screened fibers at lower 
kappa number (19.3) as compared to kraft pulping. On the other hand soda-AQ 
resulted in pulp of higher kappa number (22.0) with only 0.7% yield gain. In the 
case of the ASAQ cooks, the yield gain was also about 1% at lower kappa number 
especially in AS-AQ2 (17.6). Also higher initial ISO brightness (up to 40%) was 
noticed in ASAM pulps and the lowest was that kraft-AQ. ASAM pulps were also 
of the higher viscosities followed by kraft, ASAQ, kraft-AQ and soda-AQ (Fig. 
4.9).  
The same yield gain was attained in the ASAM cooks but at considerably lower 
kappa number (13.8 and 16.8). In ASAM3 cooking at maximum temperature was 
15 min shorter than ASAM1 and ASAM2 and this was so to produce pulp at 
comparable kappa number with that of kraft. 
ASAM cooks needed the shorter time to reach the same degree of freeness and 
kraft pulp needed the longest time. Lower strength properties were noticed in 
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Table 4.15. Eucalyptus citriodora: kraft and kraft-AQ pulping conditions and 
unbleached pulp evaluation. 
Pulping process  Kraft  Kraft-AQ 
Cook code  EC2  EC5 
Pulping Conditions     
Active alkali as Na2O on oven-dry wood, %  17.05  17.05 
Chemicals Ratio  40:60  40:60 
Anthraquinone added on oven-dry wood, %  0  0 
Liquor-to-wood ratio  4:1  4:1 
% of NaOH  13.20  13.20 
% of Na2S  8.80  8.80 
% of Na2SO3     
MeOH, % (v/v)     
Maximum temperature. oC  160  160 
Time to maximum temperature, min.  75  75 
Time at maximum temperature, min.  165  165 
Pulp yield     
Yield of oven-dry digested pulp on oven-dry wood, % 47.0  47.9 
Yield of oven-dry screened pulp on oven-dry wood, % 46.9  47.9 
Rejects on oven-dry wood, %  0.1  0.0 
Pulp evaluation     
Viscosity, ml/g  1129  1047 
ISO Brightness, %  22.3  21.9 
Kappa number  20.9  19.3 
     
Initial pulp (ub) freeness oSR 15.5  16 
Beating time, min ub 0  0 
 25 39  28 
 30 60  51 
Apparent density, g/cm ub 0.52  0.51 
 25 0.65  0.65 
 30 0.64  0.67 
Runnability factor ub 2.5  3.2 
 25 7.9  7.6 
 30 8.1  8.1 
Tensile index, Nm/g ub 33.0  36.8 
 25 72.8  67.0 
 30 76.9  75.2 
Tear index, mN*m2/g  ub 1.9  2.8 
 25 8.5  8.4 
 30 8.4  8.6 
Burst index, kPa*m2/g ub 1.4  1.5 
 25 4.2  3.7 
 30 4.4  4.2 
Light-absorption coefficient, m2/kg ub 25.6  18.3 
 25 17.7  17.0 
 30 19.9  17.1 
Opacity 80g/m2, % 0 100.0  99.6 
 25 99.6  99.5 
 30 99.8  99.5 
Light-scattering coefficient, m2/kg ub 36.6  26.1 
 25 23.7  23.2 
 30 26.1  22.5 
n/a: not available     
ub: unbeaten     
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Table 4.16. Eucalyptus citriodora: kraft and soda-AQ pulping conditions and 
unbleached pulp evaluation. 
Pulping process  Kraft  Soda-AQ 
Cook code  EC2  EC4 
Pulping Conditions     
Active alkali as Na2O on oven-dry wood, %  17.05  17.05 
Chemicals Ratio  40:60  - 
Anthraquinone added on oven-dry wood, %  0  0.1 
Liquor-to-wood ratio  4:1  4:1 
% of NaOH  13.20  22 
% of Na2S  8.80  0 
% of Na2SO3  0  0 
MeOH, % (v/v)  0  0 
Maximum temperature. oC  160  160 
Time to maximum temperature, min.  75  75 
Time at maximum temperature, min.  165  165 
Pulp yield     
Yield of oven-dry digested pulp on oven-dry wood, %  47.0  47.7 
Yield of oven-dry screened pulp on oven-dry wood, %  46.9  47.6 
Rejects on oven-dry wood, %  0.1  0.1 
Pulp evaluation     
Viscosity, ml/g  1129  934 
ISO Brightness, %  22.3  22.3 
Kappa number  20.9  22.0 
     
Initial pulp (ub) freeness oSR 15.5  15.5 
Beating time, min ub 0  0 
 25 39  19 
 30 60  49 
Apparent density, g/cm ub 0.52  0.48 
 25 0.65  0.60 
 30 0.64  0.61 
Runnability factor ub 2.5  3.2 
 25 7.9  5.9 
 30 8.1  6.6 
Tensile index, Nm/g ub 33.0  34.1 
 25 72.8  57.2 
 30 76.9  61.7 
Tear index, mN*m2/g  ub 1.9  2.9 
 25 8.5  6.1 
 30 8.4  6.9 
Burst index, kPa*m2/g ub 1.4  1.3 
 25 4.2  2.7 
 30 4.4  3.1 
Light-absorption coefficient, m2/kg ub 25.6  18.7 
 25 17.7  17.8 
 30 19.9  17.0 
Opacity 80g/m2, % 0 100.0  99.8 
 25 99.6  96.4 
 30 99.8  99.5 
Light-scattering coefficient, m2/kg ub 36.6  27.3 
 25 23.7  25.0 
 30 26.1  23.2 
n/a: not available     
ub: unbeaten     
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Table 4.17. Eucalyptus citriodora: kraft and AS-AQ pulping conditions and 
unbleached pulp evaluation. 
Pulping process  Kraft  ASAQ1  ASAQ2
Cook code  EC2  EC9S  EC13S 
Pulping Conditions       
Active alkali as Na2O on oven-dry wood, %  17.05  18.60  18.60 
Chemicals Ratio  40:60  40:60  30:70 
Anthraquinone added on oven-dry wood, %  0  0.1  0.1 
Liquor-to-wood ratio  4:1  5:1  5:1 
% of NaOH  13.20  14.4  16.8 
% of Na2S  8.80  0  0 
% of Na2SO3  0  9.6  7.2 
MeOH, % (v/v)  0  0  0 
Maximum temperature. oC  160  165  165 
Time to maximum temperature, min.  75  75  75 
Time at maximum temperature, min.  165  165  165 
Pulp yield       
Yield of oven-dry digested pulp on oven-dry wood, %  47.0  49.3  48.3 
Yield of oven-dry screened pulp on oven-dry wood, %  46.9  47.8  47.9 
Rejects on oven-dry wood, %  0.1  1.5  0.4 
Pulp evaluation       
Viscosity, ml/g  1129  1098  1061 
ISO Brightness, %  22.31  26.27  26.46 
Kappa number  20.9  19.59  17.55 
       
Initial pulp (ub) freeness oSR 15.5  16.5  16 
Beating time, min ub 0  0  0 
 25 39  23  23 
 30 60  41  48 
Apparent density, g/cm ub 0.52  0.52  0.51 
 25 0.65  0.65  0.64 
 30 0.64  0.66  0.66 
Runnability factor ub 2.5  3.3  3.1 
 25 7.9  6.8  6.8 
 30 8.1  7.7  7.7 
Tensile index, Nm/g ub 33.0  36.2  39.5 
 25 72.8  66.7  63.9 
 30 76.9  71.6  72.3 
Tear index, mN*m2/g  ub 1.9  3.0  2.3 
 25 8.5  6.7  7.0 
 30 8.4  8.2  8.1 
Burst index, kPa*m2/g ub 1.4  1.4  1.4 
 25 4.2  3.4  3.3 
 30 4.4  3.8  3.9 
Light-absorption coefficient, m2/kg ub 25.6  20.8  15.7 
 25 17.7  17.8  14.7 
 30 19.9  19.0  14.7 
Opacity 80g/m2, % 0 100.0  99.5  99.6 
 25 99.6  98.7  99.4 
 30 99.8  98.3  99.4 
Light-scattering coefficient, m2/kg ub 36.6  14.5  31.0 
 25 23.7  10.2  25.5 
 30 26.1  9.4  24.3 
n/a: not available       
ub: unbeaten       
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Table 4.18. Eucalyptus citriodora: kraft and ASAM pulping conditions and 
unbleached pulp evaluation. 
Pulping process  Kraft  ASAM1  ASAM2  ASAM3 
Cook code  EC2  EC17  EC18  EC19 
Pulping Conditions         
Active alkali as Na2O on oven-dry wood, %  17.05  18.6  18.6  18.6 
Chemicals Ratio  40:60  70:30  80:20  80:20 
Anthraquinone added on oven-dry wood, %  0  0.1  0.1  0.1 
Liquor-to-wood ratio  4:1  5:1  5:1  5:1 
% of NaOH  13.20  7.2  4.8  4.8 
% of Na2S  8.80  0  0  0 
% of Na2SO3  0  16.8  19.2  19.2 
MeOH, % (v/v)  0  20  20  20 
Maximum temperature. oC  160  175  175  175 
Time to maximum temperature, min.  75  75  120  120 
Time at maximum temperature, min.  165  165  165  150 
Pulp yield         
Yield of oven-dry digested pulp on oven-dry wood, %  47.0  49.8  50.1  51.5 
Yield of oven-dry screened pulp on oven-dry wood, %  46.9  48.0  47.9  47.8 
Rejects on oven-dry wood, %  0.1  1.9  2.2  3.7 
Pulp evaluation         
Viscosity, ml/g  1129  1199  1209  1173 
ISO Brightness, %  22.3  35.6  38.6  40.0 
Kappa number  20.9  13.8  16.8  19.6 
         
Initial pulp (ub) freeness oSR 15.5  16  15.5  14 
Beating time, min ub 0  0  0  0 
 25 39  24  21  24 
 30 60  38  34  35 
Apparent density, g/cm ub 0.52  0.51  0.53  0.55 
 25 0.65  0.63  0.65  0.67 
 30 0.64  0.65  0.67  0.69 
Runnability factor ub 2.5  3.2  3.6  3.4 
 25 7.9  7.1  7.2  8.2 
 30 8.1  7.9  8.0  8.7 
Tensile index, Nm/g ub 33.0  34.2  41.4  35.8 
 25 72.8  66.6  68.8  80.8 
 30 76.9  76.1  73.9  84.2 
Tear index, mN*m2/g  ub 1.9  2.9  3.1  3.2 
 25 8.5  7.4  7.5  8.2 
 30 8.4  8.1  8.4  8.9 
Burst index, kPa*m2/g ub 1.4  1.4  1.6  1.4 
 25 4.2  3.9  4.2  4.7 
 30 4.4  4.4  4.7  5.0 
Light-absorption coefficient, m2/kg ub 25.6  10.1  7.3  3.9 
 25 17.7  9.1  6.4  3.4 
 30 19.9  9.0  6.3  3.3 
Opacity 80g/m2, % 0 100.0  99.1  98.3  96.1 
 25 99.6  98.3  97.1  93.3 
 30 99.8  98.1  96.7  92.7 
Light-scattering coefficient, m2/kg ub 36.6  34.9  36.5  36.1 
 25 23.7  26.1  28.3  28.3 
 30 26.1  25.4  27.0  27.2 
n/a: not available         
ub: unbeaten         
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soda-AQ pulp and the higher in ASAM3 pulp whereas the other pulps were found 
to be more or less similar. Since ASAM3 was carried out employing the same 
chemicals charge of ASAM2, the lower properties of the later could be attributed 
to extended delignification. It was early found that the bulk delignification starts 
30 minutes before the maximum temperature is reached. More than 50% of the 
lignin is already dissolved, when maximum is achieved (Patt et al, 1991). 
Eucalyptus tereticornis (Tables 4.19-4.22) was found to behave somewhat 
different as compared to the Acacias or even to E. citriodora. Extra alkali charges 
were needed in AS-AQ cooks to obtain pulps of acceptable degree of 
delignification with acceptable rejects. The kappa numbers obtained were found to 
be ranging from 27.1 in kraft-AQ up to 33.4 in ASAM2 (Fig. 4.10). 
Screened yields ranged between 43.2% in kraft, kraft-AQ, soda-AQ and AS-AQ 
cooks and 44.9 and 44.7% in the two ASAM cooks. Acceptable rejects levels 
were noticed in all cooks. The highest viscosity was recorded in kraft pulp (1029 
ml/g) and least in soda-AQ (929 ml/g) (Fig. 4.10). 
Eucalyptus camaldulensis kraft pulp was of higher kappa number (24.4) 
compared to that of that of E. citriodora but it is much lower than of E. 
tereticornis.  
Eucalyptus camaldulensis yielded 1.2% additional pulp at lower kappa number in 
ASAM cook compared to kraft (Table 4.23), whereas the screened pulp yield of 
kraft and ASAM of E. microtheca (Table 4.24) were almost the same, although 
the later was of higher total yield (Fig. 4.11). 
The ASAM pulps of these two species were of higher viscosity, especially in E. 
camaldulensis.  
Eucalyptus tereticornis pulps needed by far more beating time to reach the same 
freeness degree compared to the other three eucalypts, which were more or less 
similar. The highest runnability factors were noticed in E. citriodora kraft and 
ASAM3 pulps (9.3 and 9.1 respectively) (Fig. 4.12-4.14). 
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Figure 4.12. Eucalyptus citriodora: Runnability factor vs beating degree 
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Figure 4.13. Eucalyptus tereticornis: Runnability factor vs beating degree 
3
4
5
6
7
8
9
15 20 25 30 35 40
Beating Degree, oSR
R
un
na
bi
lit
y 
Fa
ct
or
Eca-Kraft Eca-ASAM
Emi-Kraft Emi-ASAM  
Figure 4.14. Eucalyptus camaldulensis (Eca) and E. microtheca (Emi): Runnability  
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Table 4.19. Eucalyptus tereticornis: kraft and kraft-AQ pulping conditions and 
unbleached pulp evaluation. 
Pulping process  Kraft  Kraft-AQ 
Cook code  EA2  EA5 
Pulping Conditions     
Active alkali as Na2O on oven-dry wood, %  17.05  17.05 
Chemicals Ratio  40:60  40:60 
Anthraquinone added on oven-dry wood, %  0  0 
Liquor-to-wood ratio  4:1  4:1 
% of NaOH  13.20  13.20 
% of Na2S  8.80  8.80 
% of Na2SO3  0  0 
MeOH, % (v/v)  0  0 
Maximum temperature. oC  160  160 
Time to maximum temperature, min.  75  75 
Time at maximum temperature, min.  165  165 
Pulp yield     
Yield of oven-dry digested pulp on oven-dry wood, % 43.3  43.3 
Yield of oven-dry screened pulp on oven-dry wood, % 43.2  43.2 
Rejects on oven-dry wood, %  0.1  0.1 
Pulp evaluation     
Viscosity, ml/g  1026  986 
ISO Brightness, %  15.1  15.4 
Kappa number  31.9  27.1 
     
Initial pulp (ub) freeness oSR 19  19.5 
Beating time, min ub 0  0 
 25 8  8 
 30 15  14 
Apparent density, g/cm ub 0.44  0.54 
 25 0.58  0.64 
 30 0.62  0.76 
Runnability factor ub 4.70  6.00 
 25 7.20  7.30 
 30 9.30  8.60 
Tensile index, Nm/g ub 46.60  50.90 
 25 67.60  65.70 
 30 85.00  79.20 
Tear index, mN*m2/g  ub 4.60  7.00 
 25 7.50  8.10 
 30 10.00  9.10 
Burst index, kPa*m2/g ub 2.80  3.20 
 25 4.30  3.90 
 30 5.50  4.70 
Light-absorption coefficient, m2/kg ub 19.28  n/a 
 25 19.86  n/a 
 30 20.34  n/a 
Opacity 80g/m2, % ub 99.60  n/a 
 25 99.60  n/a 
 30 99.60  n/a 
Light-scattering coefficient, m2/kg ub 21.00  n/a 
 25 20.20  n/a 
 30 19.60  n/a 
n/a: not available     
ub: unbeaten     
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Table 4.20. Eucalyptus tereticornis: kraft and soda-AQ pulping conditions and 
unbleached pulp evaluation. 
Pulping process  Kraft  Soda-AQ 
Cook code  EA2  EA4 
Pulping Conditions     
Active alkali as Na2O on oven-dry wood, %  17.05  17.05 
Chemicals Ratio  40:60  - 
Anthraquinone added on oven-dry wood, %  0  0.1 
Liquor-to-wood ratio  4:1  4:1 
% of NaOH  13.20  22 
% of Na2S  8.80  0 
% of Na2SO3  0  0 
MeOH, % (v/v)  0  0 
Maximum temperature. oC  160  160 
Time to maximum temperature, min.  75  75 
Time at maximum temperature, min.  165  165 
Pulp yield     
Yield of oven-dry digested pulp on oven-dry wood, %  43.3  43.3 
Yield of oven-dry screened pulp on oven-dry wood, %  43.2  43.2 
Rejects on oven-dry wood, %  0.1  0.1 
Pulp evaluation     
Viscosity, ml/g  1026  929 
ISO Brightness, %  15.1  15.4 
Kappa number  31.9  31.9 
     
Initial pulp (ub) freeness oSR 19  20 
Beating time, min ub 0  0 
 25 8  7 
 30 15  14 
Apparent density, g/cm ub 0.44  0.51 
 25 0.58  0.57 
 30 0.62  0.65 
Runnability factor ub 4.7  5.1 
 25 7.2  6.3 
 30 9.3  7.5 
Tensile index, Nm/g ub 46.6  47.3 
 25 67.6  58.0 
 30 85.0  68.7 
Tear index, mN*m2/g  ub 4.6  5.4 
 25 7.5  6.7 
 30 10.0  8.0 
Burst index, kPa*m2/g ub 2.8  2.5 
 25 4.3  3.4 
 30 5.5  4.3 
Light-absorption coefficient, m2/kg ub 19.3  19.0 
 25 19.9  20.3 
 30 20.3  21.6 
Opacity 80g/m2, % ub 99.6  99.5 
 25 99.6  99.7 
 30 99.6  99.8 
Light-scattering coefficient, m2/kg ub 21.0  22.1 
 25 20.2  22.6 
 30 19.6  23.1 
n/a: not available     
ub: unbeaten     
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Table 4.21. Eucalyptus tereticornis: kraft and AS-AQ pulping conditions and 
unbleached pulp evaluation. 
Pulping process  Kraft AS-AQ1 AS-AQ2 
Cook code  EA2  EA6S  EA7S 
Pulping Conditions       
Active alkali as as Na2O on oven-dry wood, %  17.05  20.15  20.15 
Chemicals Ratio  40:60  40:60  30:70 
Anthraquinone added on oven-dry wood, %  0  0.1  0.1 
Liquor-to-wood ratio  4:1  5:1  5:1 
% of NaOH  13.20  15.6  18.2 
% of Na2S  8.80  0  0 
% of Na2SO3  0  10.4  7.8 
MeOH, % (v/v)  0  0  0 
Maximum temperature. oC  160  165  165 
Time to maximum temperature, min.  75  75  75 
Time at maximum temperature, min.  165  165  165 
Pulp yield       
Yield of oven-dry digested pulp on oven-dry wood, %  43.3  44.1  43.0 
Yield of oven-dry screened pulp on oven-dry wood, %  43.2  43.2  42.4 
Rejects on oven-dry wood, %  0.1  0.9  0.6 
Pulp evaluation       
Viscosity, ml/g  1026  1025  933 
ISO Brightness, %  15.1  17.5  19.7 
Kappa number  31.9  28.7  27.9 
       
Initial pulp (ub) freeness oSR 19  20  21 
Beating time, min ub 0  0  0 
 25 8  6  5 
 30 15  12  11 
Apparent density, g/cm ub 0.44  0.60  0.57 
 25 0.58  0.65  0.62 
 30 0.62  0.71  0.7 
Runnability factor ub 4.7  5.8  6.1 
 25 7.2  6.6  6.8 
 30 9.3  7.4  7.7 
Tensile index, Nm/g ub 46.6  58.0  53.0 
 25 67.6  65.9  58.2 
 30 85.0  73.9  65.2 
Tear index, mN*m2/g  ub 4.6  5.8  6.9 
 25 7.5  6.6  7.8 
 30 10.0  5.2  9.0 
Burst index, kPa*m2/g ub 2.8  3.4  2.9 
 25 4.3  4.3  3.5 
 30 5.5  5.2  4.4 
Light-absorption coefficient, m2/kg ub 19.3  16.9  17.5 
 25 19.9  17.4  18.5 
 30 20.3  17.9  19.7 
Opacity 80g/m2, % ub 99.6  99.7  99.8 
 25 99.6  99.7  99.8 
 30 99.6  99.6  99.8 
Light-scattering coefficient, m2/kg ub 21.0  23.7  30.1 
 25 20.2  22.6  29.1 
 30 19.6  21.5  27.8 
n/a: not available       
ub: unbeaten       
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Table 4.22. Eucalyptus tereticornis: kraft and ASAM pulping conditions and 
unbleached pulp evaluation. 
Pulping process  Kraft  ASAM1  ASAM2 
Cook code  EA2  EA8  EA9 
Pulping Conditions       
Active alkali as Na2O on oven-dry wood, %  17.05  18.6  18.6 
Chemicals Ratio  40:60  70:30  80:20 
Anthraquinone added on oven-dry wood, %  0  0.1  0.1 
Liquor-to-wood ratio  4:1  5:1  5:1 
% of NaOH  13.20  7.2  4.8 
% of Na2S  8.80  0  0 
% of Na2SO3  0  16.8  19.2 
MeOH, % (v/v)  0  20  20 
Maximum temperature. oC  160  175  175 
Time to maximum temperature, min.  75  75  120 
Time at maximum temperature, min.  165  165  165 
Pulp yield       
Yield of oven-dry digested pulp on oven-dry wood, %  43.3  45.6  45.5 
Yield of oven-dry screened pulp on oven-dry wood, %  43.2  44.9  44.7 
Rejects on oven-dry wood, %  0.1  0.7  0.9 
Pulp evaluation       
Viscosity, ml/g-1  1026  910  999 
ISO Brightness, %  15.1  18.4  20.2 
Kappa number  31.9  29.0  33.4 
       
Initial pulp (ub) freeness oSR 19  20  19 
Beating time, min ub 0  0  0 
 25 8  5  6 
 30 15  10  12 
Apparent density, g/cm ub 0.44  0.62  0.58 
 25 0.58  0.67  0.68 
 30 0.62  0.73  0.73 
Runnsability factor ub 4.7  5.7  6.3 
 25 7.2  6.5  8.3 
 30 9.3  7.3  9.1 
Tensile index, Nm/g ub 46.6  58.2  52.3 
 25 67.6  67.1  71.2 
 30 85.0  76.0  78.2 
Tear index, mN*m2/g  ub 4.6  5.5  7.4 
 25 7.5  6.2  9.6 
 30 10.0  6.9  10.4 
Burst index, kPa*m2/g ub 2.8  3.2  3.0 
 25 4.3  4.2  4.6 
 30 5.5  5.3  5.6 
Light-absorption coefficient, m2/kg ub 19.3  18.6  25.3 
 25 19.9  18.0  19.1 
 30 20.3  17.4  17.4 
Opacity 80g/m2, % ub 99.6  99.8  100.0 
 25 99.6  99.5  99.7 
 30 99.6  99.2  99.6 
Light-scattering coefficient, m2/kg ub 21.0  23.4  41.8 
 25 20.2  20.6  28.2 
 30 19.6  17.8  23.5 
n/a: not available       
ub: unbeaten       
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Table 2.23. Eucalyptus camaldulensis: Kraft and ASAM pulping conditions and 
unbleached pulp evaluation. 
Pulping process  Kraft  ASAM 
Cook code  Eca2  Eca4 
Puping Conditions     
Active alkali as  Na2O on oven-dry wood, %  17.05  18.6 
Chemicals Ratio  40:60  70:30 
Anthraquinone added on oven-dry wood, %  0  0.1 
Liquor-to-wood ratio  4:1  4:1 
% of NaOH  13.20  7.20 
% of Na2S  8.80  0 
% of Na2SO3  0  16.8 
MeOH, % (v/v)  0  20 
Maximum temperature. oC  160  175 
Time to maximum temperature, min.  75  120 
Time at maximum temperature, min.  165  165 
Pulp yield     
Yield of oven-dry digested pulp on oven-dry wood, % 44.0  46.4 
Yield of oven-dry screened pulp on oven-dry wood, % 43.9  45.1 
Rejects on oven-dry wood, %  0.1  1.3 
Pulp evaluation     
Viscosity, ml/g  908  1017 
ISO Brightness, %  25.9  27.0 
Kappa number  24.4  20.3 
     
Initial pulp (ub) freeness oSR 21  17 
Beating time, min ub 0  0 
 25 6  9 
 30 12  14 
Apparent density, g/cm ub 0.64  0.60 
 25 0.68  0.63 
 30 0.74  0.68 
Runnability factor ub 5.60  4.90 
 25 6.40  7.10 
 30 7.30  8.50 
Tensile index, Nm/g ub 53.10  46.00 
 25 60.20  67.30 
 30 68.60  80.60 
Tear index, mN*m2/g  ub 5.90  5.00 
 25 6.60  7.30 
 30 7.50  8.70 
Burst index, kPa*m2/g ub 2.70  2.30 
 25 3.20  4.20 
 30 3.80  5.30 
Light-absorption coefficient, m2/kg ub 17.56  15.72 
 25 18.13  16.85 
 30 18.80  17.56 
Opacity 80g/m2, % ub 99.70  99.70 
 25 99.80  99.70 
 30 99.80  99.60 
Light-scattering coefficient, m2/kg ub 27.30  33.00 
 25 29.50  29.50 
 30 27.30  27.30 
n/a: not available     
ub: unbeaten     
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Table 2.24. Eucalyptus microtheca: kraft and ASAM pulping conditions and 
unbleached pulp evaluation. 
Pulping process  Kraft  ASAM 
Cook code  Emi2  Emi4 
Puping Conditions     
Active alkalias as Na2O on oven-dry wood, %  17.05  18.6 
Chemicals Ratio  40:60  70:30 
Anthraquinone added on oven-dry wood, %  0  0.1 
Liquor-to-wood ratio  4:1  5:1 
% of NaOH  13.20  7.2 
% of Na2S  8.80  0 
% of Na2SO3  0  16.5 
MeOH, % (v/v)  0  20 
Maximum temperature. oC  160  175 
Time to maximum temperature, min.  75  120 
Time at maximum temperature, min.  165  165 
Pulp yield     
Yield of oven-dry digested pulp on oven-dry wood, %  43.3  47.3 
Yield of oven-dry screened pulp on oven-dry wood, %  43.2  43.6 
Rejects on oven-dry wood, %  0.1  3.7 
Pulp evaluation     
Viscosity, ml/g  986  1009 
ISO Brightness, %  23.5  25.2 
Kappa number  25.8  26.0 
     
Initial pulp (ub) freeness oSR 18  17 
Beating time, min ub 0  0 
 25 17  12 
 30 16  20 
Apparent density, g/cm ub 0.56  0.60 
 25 0.72  0.70 
 30 0.72  0.74 
Runnability factor ub 3.2  3.7 
 25 7.1  6.7 
 30 7.6  7.8 
Tensile index, Nm/g ub 41.3  41.7 
 25 68.1  70.8 
 30 73.1  81.7 
Tear index, mN*m2/g  ub 2.5  3.3 
 25 7.2  6.3 
 30 7.7  7.4 
Burst index, kPa*m2/g ub 1.7  1.5 
 25 3.8  4.0 
 30 4.3  5.0 
Light-absorption coefficient, m2/kg ub 17.84  17.36 
 25 19.17  16.70 
 30 18.54  16.76 
Opacity 80g/m2, % ub 99.70  99.80 
 25 99.50  99.60 
 30 99.50  99.40 
Light-scattering coefficient, m2/kg ub 28.50  31.40 
 25 24.70  25.40 
 30 22.60  23.40 
n/a: not available     
ub: unbeaten     
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ASAM3 pulps of E. citriodora (Tables 4.15-5.18) were of the highest tensile 
index (84.2 Nm/g) where as tensile indices of kraft, ASAM1 and kraft-AQ were 
more or less the same with lower index recorded for soda-AQ pulp (61.7 Nm/g). 
The ASAM3 pulp was of the better tear and burst indices and soda-AQ was of the 
lowest (Fig. 4.15 and 4.16). 
In the case of E. tereticornis (Tables 4.19-4.22) kraft pulp was of the best tensile 
index (85.0 Nm/g) and ASAM and kraft-AQ pulps were of similar indices and 
again soda-AQ pulp recorded the lower index (68.7 Nm/g) (Fig. 4.17). Tear index 
(Fig. 4.18) was highest in ASAM2 followed by kraft, ASAM1, AS-AQ1, kraft-
AQ, AS-AQ2 and soda-AQ. 
ASAM pulp of E. camaldulensis was of fairly high tensile indices (80.6 Nm/g) 
compared to kraft pulp (68.6 Nm/g) (Fig. 4.19), tear and burst indices follow the 
same order (Fig 4.20). In the case of E. microtheca, ASAM pulps were developed 
considerably higher tensile especially at higher beating degrees (Fig. 4.19). Better 
burst strength was also noticed, whereas the tear and burst strength of ASAM pulp 
was lower than that of kraft (Fig. 4.20). 
Comparison of pulp and handsheets properties obtained from different cooking 
methods, are given in Tables (4.25-4.28). The same alkali charge used in kraft, 
kraft-AQ and soda-AQ methods produced pulps of nearly the same kappa number. 
In alkaline sulphite-anthraquinone (ASAQ) and alkaline sulphite-anthraquinone 
reinforced with methanol (ASAM) cooks higher alkali charges were used in order 
to decrease the higher rejects. The ASAM pulping produced considerably lower 
kappa number in all the species. The two varieties of Acacia seyal together with 
Eucalyptus citriodora produced pulps of about 20 kappa number, whereas 
Eucalyptus tereticornis produced pulps of higher kappa numbers (27.1-33.4). 
ASAQ and ASAM cooks produced the highest yields but also the highest rejects 
especially ASAQ. Even though, no considerable difference was noticed except for 
Acacia seyal var. seyal for which the lowest yield was produced by kraft cook 
(42.2%) and the highest produced by ASAM (47.2%). In all cases ASAM cook 
produced the highest and kraft cook the lowest yield. It was found out (Patt et al, 
1991) that carbohydrates are protected by the presence of methanol, which results  
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Figure 4.15. Eucalyptus citriodora: Tensile index vs beating degree 
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Figure 4.16. Eucalyptus citriodora: Tear index vs beating degree 
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Figure 4.17. Eucalyptus tereicornis: Tensile index vs beating degree 
4
5
6
7
8
9
10
11
15 20 25 30 35
Beating Degree
Te
ar
 In
de
x,
 m
N
*m
2/
g
Kraft Soda-AQ Kraft-AQ AS-AQ1
AS-AQ2 ASAM1 ASAM2
 
Figure 4.18. Eucalyptus tereticornis: Tear index vs beating degree 
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Figure 4.19. Eucalyptus camaldulensis (Eca) and E. microtheca (Emi): Tensile 
index vs  
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Figure 4.20. Eucalyptus camaldulensis (Eca) and E. microtheca (Emi): Tear 
index vs  
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Table 4.25. Acacia seyal var. fistula: comparison of pulping conditions and best unbleached pulp 
from different methods 
Pulping process  Kraft   Kraft-AQ    Soda-AQ      ASAQ1  ASAM2 
Cook code  AF2  AF5  AF4  AF6S  AF8 
                      
           
Puping Conditions           
Active alkali as Na2O on oven-dry wood, %  17.05  17.05  17.05  18.60  18.60 
Chemicals Ratio  40:60  40:60  -  40:60  80:20 
Anthraquinone added on oven-dry wood, %  0  0.1  0.1  0.1  0.1 
Liquor to wood ratio  4:1  4:1  4:1  5:1  4:1 
% of NaOH  13.2  13.2  0  14.4  4.8 
% of Na2S  8.8  8.8  0  0  0 
% of Na2SO3  0  0  0  9.6  19.2 
MeOH, % (v/v)  0  0  0  0  20 
Maximum temperature. oC  160  160  160  165  175 
Time to maximum temperature, min.  75  75  75  75  120 
Time at maximum temperature, min.  165  165  165  165  165 
Pulp yield           
Yield of oven-dry digested pulp on oven-dry wood, % 44.4  45.9  45.2  48.6  47.5 
Yield of oven-dry screened pulp on oven-dry wood, % 44.1  45.9  44.9  45.6  45.7 
Rejects on oven-dry wood, %  0.3  0.0  0.4  2.9  1.8 
Pulp evaluation           
Viscosity, ml/g  914  880  768  901  1091 
ISO brightness, %  25.9  23.4  25.5  28.3  54.2 
Kappa number  21.4  20.8  21.9  20.2  16.9 
           
Initial pulp freeness oSR 14.5  15.5  15.5  15.5  14 
Beating time, min ub 0  0  0  0  0 
 25 56  38  38  35  39 
 30 80  70  64  60  63 
Apparent density, g/cm ub 0.43  0.43  0.45  0.45  0.47 
 25 0.60  0.63  0.60  0.63  0.65 
 30 0.63  0.65  0.62  0.64  0.66 
Runnability factor ub 2.2  2.6  2.9  2.8  2.8 
 25 7.5  6.9  6.2  7.3  8.1 
 30 7.2  7.0  6.0  7.4  8.5 
Tensile-Index, Nm/g ub 23.0  24.3  27.0  28.6  29.0 
 25 61.1  57.2  54.5  67.8  73.5 
 30 61.8  60.3  54.8  70.5  77.7 
Tear-Index, mN*m2/g  ub 2.1  2.8  3.1  2.7  2.7 
 25 8.9  8.2  6.9  7.8  8.7 
 30 8.1  8.0  6.4  7.6  9.0 
Burst-Index, kPa*m2/g ub 1.1  1.1  1.1  1.0  1.0 
 25 4.2  3.9  3.3  4.2  5.1 
 30 4.3  3.9  3.3  4.4  5.5 
Light-scattering coefficient, m2/kg ub 17.4  17.0  17.2  12.7  3.1 
 25 15.8  20.9  16.0  12.3  2.8 
 30 15.1  16.0  15.4  12.0  2.8 
Opacity 80g/m2, % ub 99.8  99.7  99.8  99.7  96.3 
 25 99.6  99.5  99.7  99.2  92.9 
 30 99.6  99.5  99.6  99.0  92.1 
Light scattering coefficient, m2/kg ub 32.9  31.6  33.3  35.5  42.7 
 25 25.0  25.2  27.2  26.6  30.0 
 30 24.0  24.7  26.4  25.9  28.5 
                      
n/a: not available           
ub: unbeaten           
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Table 4.26. Acacia seyal var. seyal: comparison of pulping conditions and best unbleached pulp 
from different methods 
Pulping process  Kraft Kraft-AQ Soda-AQ ASAQ1  ASAM2 
Cook code  AS2  AS5  AS4  AS6S  AS9 
                      
           
Puping Conditions           
Active alkalias Na2O on oven-dry wood, %  17.05  17.05  17.05  18.6  18.6 
Chemicals Ratio  40:60  40:60  -  40:60  80:20 
Anthraquinone added on oven-dry wood, %  0  0.1  0.1  0.1  0.1 
Liquor to wood ratio  4:1  4:1  4:1  5:1  5:1 
% of NaOH  13.20  13.20  22.00  14.4  4.8 
% of Na2S  8.80  8.80  0.00  0  0 
% of Na2SO3  0  0  0  9.6  19.2 
MeOH, % (v/v)  0  0  0  0  20 
Maximum temperature. oC  160  160  160  165  175 
Time to maximum temperature, min.  75  75  75  75  120 
Time at maximum temperature, min.  165  165  165  165  165 
Pulp yield           
Yield of oven-dry digested pulp on oven-dry wood, % 42.3  44.8  43.8  49.6  48.1 
Yield of oven-dry screened pulp on oven-dry wood, % 42.2  44.8  43.7  46.8  47.3 
Rejects on oven-dry wood, %  0.1  0.0  0.1  2.8  0.8 
Pulp evaluation           
Viscosity, ml/g  870  837  754  900  1045 
ISO Brightness, %  20.2  20.5  20.2  23.7  45.3 
Kappa number  22.3  21.6  22.9  23.4  17.4 
           
Initial pulp freeness oSR 13  14.5  13.5  14.5  14 
Beating time, min ub 0  0  0  0  0 
 25 67  49  54  42  50 
 30 83  70  72  62  67 
Apparent density, g/cm ub 0.45  0.46  0.44  0.45  0.48 
 25 0.60  0.61  0.60  0.63  0.65 
 30 0.63  0.63  0.62  0.65  0.65 
Runnability factor ub 2.9  3.0  3.1  2.9  3.0 
 25 7.6  7.3  6.7  7.8  8.5 
 30 7.5  7.5  6.6  7.8  8.6 
Tensile-Index, Nm/g ub 27.0  26.9  27.8  28.0  26.9 
 25 64.2  60.7  56.6  68.9  70.2 
 30 65.9  63.7  56.9  72.5  72.0 
Tear-Index, mN*m2/g  ub 3.0  3.3  3.4  2.9  3.3 
 25 8.9  8.7  7.8  8.7  10.1 
 30 8.3  8.7  7.5  8.2  10.2 
Burst-Index, kPa*m2/g ub 1.1  1.1  1.1  1.2  1.1 
 25 4.0  3.9  3.2  4.6  4.8 
 30 4.1  4.0  3.4  4.7  4.9 
Light-scattering coefficient, m2/kg ub 19.4  18.9  19.1  17.2  4.6 
 25 19.4  19.1  18.8  16.1  4.3 
 30 18.8  19.9  18.3  16.6  4.2 
Opacity 80g/m2, % ub 99.7  99.6  99.7  99.8  96.9 
 25 99.6  99.9  95.7  99.3  93.9 
 30 99.6  99.8  95.0  99.5  93.6 
Light scattering coefficient, m2/kg ub 24.4  22.3  25.2  30.6  35.3 
 25 20.3  20.6  21.7  21.4  24.6 
 30 20.1  21.3  21.6  22.5  24.6 
                      
n/a: not available           
ub: unbeaten           
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Table 4.27. Eucalyptus citriodora: comparison of pulping conditions and best unbleached pulp 
from different methods 
Pulping process  Kraft Kraft-AQ Soda-AQ ASAQ1  ASAM2 
Cook code  EC2  EC5  EC4  EC9S  EC18 
                      
           
Puping Conditions           
Active alkali as Na2O on oven-dry wood, %  17.05  17.05  17.05  18.60  18.6 
Chemicals Ratio  40:60  40:60  0.1  0.1  0.1 
Anthraquinone added on oven-dry wood, %  0  0  4:1  5:1  5:1 
Liquor to wood ratio  4:1  4:1  22  14.4  4.8 
% of NaOH  13.20  13.20  0  0  0 
% of Na2S  8.80  8.80  0  9.6  19.2 
% of Na2SO3  0  0  0  0  20 
MeOH, % (v/v)           
Maximum temperature. oC  160  160  160  165  175 
Time to maximum temperature, min.  75  75  75  75  120 
Time at maximum temperature, min.  165  165  165  165  165 
Pulp yield           
Yield of oven-dry digested pulp on oven-dry wood, % 47.0  47.9  47.7  49.3  50.1 
Yield of oven-dry screened pulp on oven-dry wood, % 46.9  47.9  47.6  47.8  47.9 
Rejects on oven-dry wood, %  0.1  0.0  0.1  1.5  2.2 
Pulp evaluation           
Viscosity, ml/g  1129  1047  934  1098  1209 
ISO brightness, %  22.3  21.9  22.3  26.3  38.6 
Kappa number  20.9  19.3  22.0  19.6  16.8 
           
Initial pulp freeness oSR 15.5  16  17  16.5  15.5 
Beating time, min ub 0  0  0  0  0 
 25 39  28  19  23  21 
 30 60  51  49  41  34 
Apparent density, g/cm ub 0.52  0.51  0.48  0.52  0.53 
 25 0.65  0.65  0.60  0.65  0.65 
 30 0.64  0.67  0.61  0.66  0.67 
Runnability factor ub 2.5  3.2  3.2  3.3  3.6 
 25 7.9  7.6  5.9  6.8  7.2 
 30 8.1  8.1  6.6  7.7  8.0 
Tensile-Index, Nm/g ub 33.0  36.8  34.1  36.2  41.4 
 25 72.8  67.0  57.2  66.7  68.8 
 30 76.9  75.2  61.7  71.6  73.9 
Tear-Index, mN*m2/g  ub 1.9  2.8  2.9  3.0  3.1 
 25 8.5  8.4  6.1  6.7  7.5 
 30 8.4  8.6  6.9  8.2  8.4 
Burst-Index, kPa*m2/g ub 1.4  1.5  1.3  1.4  1.6 
 25 4.2  3.7  2.7  3.4  4.2 
 30 4.4  4.2  3.1  3.8  4.7 
Light-scattering coefficient, m2/kg ub 25.6  18.3  18.7  20.8  7.3 
 25 17.7  17.0  17.8  17.8  6.4 
 30 19.9  17.1  17.0  19.0  6.3 
Opacity 80g/m2, % ub 100.0  99.6  99.8  99.5  98.3 
 25 99.6  99.5  96.4  98.7  97.1 
 30 99.8  99.5  99.5  98.3  96.7 
Light scattering coefficient, m2/kg ub 36.6  26.1  27.3  14.5  36.5 
 25 23.7  23.2  25.0  10.2  28.3 
 30 26.1  22.5  23.2  9.4  27.0 
                      
n/a: not available           
ub: unbeaten           
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Table 4.28. Eucalyptus tereticornis: comparison of pulping conditions and best unbleached pulp 
from different methods 
Pulping process  Kraft Kraft-AQ Soda-AQ ASAQ1  ASAM2 
Cook code  EA2  EA5  EA4  EA6S  EA9 
                      
           
Puping Conditions           
Active alkali as Na2O on oven-dry wood, %  17.05  17.05  17.05  20.15  18.6 
Chemicals Ratio  40:60  40:60  -  40:60  80:20 
Anthraquinone added on oven-dry wood, %  0  0  0.1  0.1  0.1 
Liquor to wood ratio  4:1  4:1  4:1  5:1  5:1 
% of NaOH  13.20  13.20  22  15.6  4.8 
% of Na2S  8.80  8.80  0  0  0 
% of Na2SO3  0  0  0  10.4  19.2 
MeOH, % (v/v)  0  0  0  0  20 
Maximum temperature. oC  160  160  160  165  175 
Time to maximum temperature, min.  75  75  75  75  120 
Time at maximum temperature, min.  165  165  165  165  165 
Pulp yield           
Yield of oven-dry digested pulp on oven-dry wood, % 43.3  43.3  43.3  44.1  45.6 
Yield of oven-dry screened pulp on oven-dry wood, % 43.2  43.3  43.2  43.2  44.7 
Rejects on oven-dry wood, %  0.1  0.0  0.1  0.9  0.9 
Pulp evaluation           
Viscosity, ml/g  1026  986  929  933  999 
ISO Brightness, %  15.1  15.39  15.39  17.52  20.16 
Kappa number  31.9  27.14  31.91  28.70  33.43 
           
Initial pulp freeness oSR 19  19.5  20  20  19 
Beating time, min ub 0  0  0  0  0 
 25 8  8  7  6  6 
 30 15  14  14  12  12 
Apparent density, g/cm ub 0.44  0.54  0.51  0.60  0.58 
 25 0.58  0.64  0.57  0.65  0.68 
 30 0.76  0.79  0.65  0.71  0.73 
Runnability factor ub 4.7  6.0  5.1  5.8  6.3 
 25 7.2  7.3  6.3  6.6  8.3 
 30 9.3  8.6  7.5  7.4  9.1 
Tensile-Index, Nm/g ub 46.6  50.9  47.3  58.0  52.3 
 25 67.6  65.7  58.0  65.9  71.2 
 30 85.0  79.2  68.7  73.9  78.2 
Tear-Index, mN*m2/g  ub 4.6  7.0  5.4  5.8  7.4 
 25 7.5  8.1  6.7  6.6  9.6 
 30 10.0  9.1  8.0  5.2  10.4 
Burst-Index, kPa*m2/g ub 2.8  3.2  2.5  3.4  3.0 
 25 4.3  3.9  3.4  4.3  4.6 
 30 5.5  4.7  4.3  5.2  5.6 
Light-scattering coefficient, m2/kg ub 19.3  n/a  19.0  16.9  25.3 
 25 19.9  n/a  20.3  17.4  19.1 
 30 20.3  n/a  21.6  17.9  17.4 
Opacity 80g/m2, % ub 99.6  n/a  99.5  99.7  100.0 
 25 99.6  n/a  99.7  99.7  99.7 
 30 99.6  n/a  99.8  99.6  99.6 
Light scattering coefficient, m2/kg ub 21.0  n/a  22.1  23.7  41.8 
 25 20.2  n/a  22.6  22.6  28.2 
 30 19.6  n/a  23.1  21.5  23.5 
                      
n/a: not available           
ub: unbeaten           
 109
in higher yields of pulp, and viscosity indicating that in particular, the cellulose is 
very stable even in extended cooks. It was also known that one of major effects of 
AQ is the carbohydrates stabilization with yield preservation (Blain, 1993). 
Methanol improves AQ solubility, suppresses the formation of radicals and 
reduces the dissociation of cooking chemicals. 
Soda-AQ pulps were found to be of the lowest viscosity among all pulps, ASAM 
pulps were of the highest for the two Acacias but kraft pulps were of the highest 
viscosity for Eucalyptus tereticornis. 
Eucalyptuses were found to be somewhat different from Acacias in their chemical 
composition, they have higher lignin and lower cellulose content but E. citriodora 
was of the highest cellulose among all studied species.  They are also of lower ash 
content as compared to the Acacias. E. tereticornis and E. microtheca were found 
difficult to cook as reflected in higher kappa numbers which may be due to 
presence of extractives of phenolic nature. 
Benefits from the application of ASAQ and ASAM methods were fairly clear in 
Eucalyptus citriodora as indicated by higher yield, viscosity and better sheet 
properties. This species, and as expected from its chemical and physical properties 
was best suited for pulp production with all cooking processes applied. With other 
eucalypts it was difficult to reach low kappa number and yields were considerably 
lower. Considering the present cooking results in total the following ranking 
concerning suitability for pulp production can be given: E. citriodora > E. 
camaldulensis > E. microtheca > E. tereticornis. 
The two Acacia seyal varieties pulps followed the same trend in tensile strength. 
ASAM cook produced the pulp with the highest tensile strength (Tables 4.25 and 
4.26) followed by AS-AQ, kraft, kraft-AQ and soda-AQ. The same trend was 
observed in the case of tear strength with the ASAM pulp of the highest followed 
by kraft and alkaline sulfite then soda-AQ the weakest. In both of the varieties of 
Acacia seyal ASAM pulps showed the better tear-tensile combination curves and 
soda-AQ the worst (Fig. 4.21 and 4.22). 
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Figure 4.21. Acacia seyal var. fistula: Tensile vs tear
4
5
6
7
8
9
10
11
30 40 50 60 70 80 90
Tensile Index, Nm/g
Te
ar
 In
de
x,
 m
N
*m
2/
g
Kraft Soda-AQ Kraft-AQ AS-AQ1
AS-AQ2 ASAM1 ASAM2 ASAM3
Figure 4.22. Acacia seyal var. seyal: Tensile vs tear
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Figure 4.23. Eucalyptus citriodora: Tensile vs tear
4
5
6
7
8
9
10
30 40 50 60 70 80 90
Tensile Index,
Te
ar
 In
de
x,
 m
N
*m
2/
g
Kraft Soda-AQ Kraft-AQ AS-AQ1
AS-AQ2 ASAM1 ASAM2 ASAM3
Figure 4.24. Eucalyptus tereticornis: Tensile vs tear
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Different trend was observed in the Eucalyptus citriodora and E. tereticornis 
species (Tables 4.27 and 4.28). Kraft pulp were found to be of the highest tensile 
followed by kraft-AQ, ASAM, ASAQ and soda-AQ. Also these two species 
behave differently in tear strength they showed. Kraft and kraft-AQ cooks were of 
the highest tear strength in E. citriodora followed by ASAM, ASAQ and soda-
AQ; whereas E. tereticornis, ASAM pulp was of the highest tear strength 
followed by kraft, kraft-AQ, soda-AQ and finally ASAQ. In both of these to 
eucalypts, the higher tensile-tear plot was found to be of ASAM pulp followed by 
kraft and, like in the Acacias, soda-AQ pulps were of the lowest (Fig. 4.23 - 4.25). 
These results are in accordance with Kordsachia and Patt (1988) investigations of 
ASAM pulping and bleaching where they found that the fibers of ASAM pulps 
are much more flexible due to their higher hemicelluloses content. Consequently 
these pulps exhibit an extraordinary high fiber-to-fiber bonding ability, resulting 
in dense paper sheet with extremely high tensile strength, and even tear strength 
reaches a high level, nearly matching that of kraft pulp. 
Methanol improves penetration of the pulping liquor into the lignocellulosic 
material and therefore increases the delignification rate. It also prevents lignin 
from condensing during the process, which results in low pulp kappa numbers. 
Pulp quality is typically near the quality of a corresponding kraft pulp. Methanol 
is one of the components formed during pulping (Muurinrn, 2000) and hence it 
could be efficiently recovered. 
Carbohydrates are protected by the presence of methanol which results in high 
yields and pulps with high viscosity. In particular, cellulose is very stable even in 
extended cooks. Methanol improves AQ solubility, suppresses the formation of 
radicals and reduces the dissociation of cooking chemicals (Patt et al, 1991). 
The two Acacia verities together with Eucalyptus citriodora and E. camaldulensis 
could represent good example for locally available fibrous raw materials which 
could be used for the production of pollution free production of fully bleachable 
pulps matching commercial quality requirements in Sudan. These species respond 
well to different cooking methods applied in this study and especially the ASAM 
pulp.  
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4.6 BLEACHING BLEACHED PULP EVALUATION 
Kraft pulps from Acacia seyal var. fistula and Eucalyptus citriodora were further 
bleached employing totally chlorine free (TCF) bleaching sequence 
(O1/Q1/OP2/Q2/P) under the conditions shown in Tables 4.29 and 4.30.  
Below 10 kappa number was targeted in the first oxygen delignification stage 
which was carried at 98oC and pressure of 6 bars for 120min. 2.5% NaOH and 
0.03% Mg2SO4 charges were used. 
9.7 and 9.0 kappa numbers were attained in Acacia (AF2) and Eucalyptus (EC2) 
pulps respectively and continue the drop to reach 5.8 and 6.1. The ISO brightness 
was raised to 56.9 and 53.0% in the first sequence and was raised to reach 88.3 
and 88.9% at the final stage. It could be seen that the pulp respond well to oxygen 
bleaching since about 50% of the residual lignin was removed. 
H2O2 consumption in O1/Q1/OP2 was found to be very low in AF2 (28.2%) and 
49.7% in EC2 but in the final peroxide stage the percentage was found to be 87.4 
and 86%. Lower hydrogen peroxide (2.0%) and sodium hydroxide (1.5%) charges 
were applied in the O1/Q1/OP2 stage for the EC2 than that applied for AF2 (2.5 
and 2.0%). 
Considerable loss of viscosity is noticed, 914 ml/g viscosity of the unbleached 
AF2 pulp was dropped to reach down to 700 ml/g. More severe loss was noticed 
in the EC2 (1129 ml/g for the unbleached pulp compared to 732 ml/g). This may 
be attributed to the removal of considerable portion of the remained 
hemicelluloses. 
Almost the same conditions were applied in the ASAM3 pulp (AF10 and EC19) 
bleaching of the two species (Tables 4.31 and 4.32), with some differences in 
chemical charges in O1/Q1/OP2 and O1/Q1/OP2/Q2/P stages. The same sodium 
hydroxide charges were used in the case of Eucalyptus citriodora whereas for 
Acacia seyal var. fistula ASAM pulp lower charges were applied in the OP and P 
stages. 
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Table 4.29. Acacia seyal var. fistula (F2): Bleaching conditions and bleached pulp 
evaluation of kraft pulp. 
 
 
 
 
 
 
 
 
      
Bleaching sequence O1 O1/Q1 O1/Q1/OP2 O1/Q1/OP2/Q2 O1/Q1/OP2/Q2/P 
            
      
Temperature, °C 98 60 95 60 80 
Time, min 120 30 90 30 180 
Pressure, bar 6 0 6 0 0 
Consistency, % 14 3 12 3 12 
H2SO4, % 0 0 0 0  0 
H2O2, % 0 0 2.5 0 2 
NaOH, % 2.5 0 2.0  0 1.75 
MgSO4, % 0.03 0 0.3  0 0.1 
DTPA, % 0 0.2 0 0.2 0 
DTPMPA, % 0 0  0  0 0.05 
Initial pH 12.4 5.1 11.5 5.4 11.7 
Final pH 12.1 6.2 11.1 5.5 12.5 
H2O2 consumption, % 0 0 28.2 n/a 87.4 
ISO brightness, % 56.9 n/a 75.9 78.9 88.3 
Kappa number. 9.7 n/a 7.1 n/a 5.8 
Viscosity, ml/g n/a n/a 741 n/a 700 
            
AF2 -pulp code     
O1 - Oxygen delignification    
Q - chelation     
OP - peroxide under oxygen pressure  
P -peroxide bleaching    
n/a - not available     
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Table 4.30. Eucalyptus citriodora (EC2): Bleaching conditions and bleached pulp 
evaluation of kraft pulp.  
      
Bleaching sequence O1 O1/Q1 O1/Q1/OP2 O1/Q1/OP2/Q2 O1/Q1/OP2/Q2/P 
            
      
Temperature, °C 98 60 95 60 80 
Time, min 120 30 90 30 210 
Pressure, bar 6 0 6 0 0 
Consistency, % 14 3 12 3 12 
H2SO4, % 0 0 0 0 0 
H2O2, % 0 0 2.0 0 2.0 
NaOH, % 2.5 0 1.5 0 2 
MgSO4, % 0.03 0 0.3 0 0.1 
DTPA, % 0 0.2 0 0.2 0 
DTPMPA, % 0 0 0 0 0.05 
Initial pH 12.4 5.1 11.3 5.3 11.7 
Final pH 12.1 6.2 11 5.4 12.5 
H2O2 consumption, % 0 0 49.7 0 86 
ISO brightness, % 53.0 n/a 75.6 79.2 88.9 
Kappa number. 9.0 n/a 7.1 n/a 6.1 
Viscosity, ml/g n/a n/a 790 n/a 732 
            
EC2 -pulp code     
O1 - Oxygen delignification    
Q - chelation     
OP - peroxide under oxygen pressure  
P -peroxide bleaching    
n/a - not available     
 
Kappa number was reduced to 9.6 in the oxygen delignification stage of the AF10 
pulp and to 9.1 of EC19 pulp to reach 4.7 and 4.3 respectively at the final stage. 
The ISO brightness commences the increase to reach 89.9% for AF10 and 87.5% 
for EC19. 
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Table 4.31. Acacia seyal var. fistula (AF10): Bleaching conditions and bleached 
pulp evaluation of ASAM pulp.  
      
Bleaching sequence O1 O1/Q1 O1/Q1/OP2 O1/Q1/OP2/Q2 O1/Q1/OP2/Q2/P 
            
      
Temperature, °C 98 60 90 60 80 
Time, min 120 30 90 30 210 
Pressure, bar 6 0 6 0 0 
Consistency, % 14 3 12 3 10 
DTPA, % 0 0.2 0 0.2 0 
H2SO4, % 0 0 0 0.97 0 
H2O2, % 0 0 2.0 0 1.5 
NaOH, % 2.5 0 1.25 0 1.5 
MgSO4, % 0.03 0 0.3 0 0.1 
DTPMPA, % 0 0 0 0 0.05 
Initial pH 12.7 5.4 11.2 5.2 11.7 
Final pH 12.4 6.1 10.7 5.4 12.4 
H2O2 Consumption, % 0 0 39.2 0 92.3 
ISO Brightness, % 61 n/a 82.8 85.9 89.9 
Kappa No. 9.6 n/a 6.7 n/a 4.7 
Viscosity, ml/g n/a n/a 982 n/a 902 
            
AF10 -pulp code     
O1 - Oxygen delignification    
Q - chelation     
OP - peroxide under oxygen pressure  
P -peroxide bleaching    
n/a - not available     
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Table 4.32. Eucalyptus citriodora (EC19): Bleaching conditions and bleached 
pulp evaluation of ASAM pulp.  
      
Bleaching sequence O1 O1/Q1 O1/Q1/OP2 O1/Q1/OP2/Q2 O1/Q1/OP2/Q2/P 
            
      
Temperature, °C 98 60 90 60 80 
Time, min 120 30 90 30 210 
Pressure, bar 6 0 6 0 0 
Consistency, % 14 3 12 3 10 
DTPA, % 0 0.2 0 0.2 0 
H2SO4, % 0 0 0 0.48 0 
H2O2, % 0 0 2.0 0 2.0 
NaOH, % 2.5 0 1.5 0 1.75 
MgSO4, % 0.03 0 0.3 0 0.1 
DTPMPA, % 0 0 0 0 0.05 
Initial pH 12.4 5.5 11.3 4.9 11.6 
Final pH 12.1 6.4 11 5.4 12.4 
H2O2 Consumption, 
% 0 0 42.6 0 82 
ISO Brightness, % 58.8 n/a 78.4 81.6 87.5 
Kappa No. 9.1 n/a 6.1 n/a 4.3 
Viscosity, ml/g n/a n/a 883 n/a 821 
            
EC19 -pulp code     
O1 - Oxygen delignification    
Q - chelation     
OP - peroxide under oxygen pressure  
P -peroxide bleaching    
n/a - not available     
 
It could be noticed that ASAM pulps were found to be more stable against 
viscosity loss (Fig. 26). The viscosity of Acacia seyal var. fistula ASAM pulp 
(AF10) was found to be more stable than that of Eucalyptus citriodora (EC19). 
The viscosity of AF10 bleached pulp was found to be 902 ml/g compared to 1112 
for the unbleached pulp whereas in EC19 pulp it was 821 and 1173 m/g. In 
previously reported studies, hemicelluloses (mainly xylans) have been found to 
constitute a significant part of the high molecular weight organic material 
dissolved in bleach liquor during TCF bleaching process.  
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Figure 4.26. Comparison of the viscosities of bleached and unbleached pulps. 
 
Bleached and unbleached pulps evaluation of the two species was shown in Table 
33 and 34. Acacia seyal var. fistula kraft bleached pulp (AF2) had shown more or 
less the same tensile strength but lower tear and burst strengths compared to the 
unbleached one. Whereas ASAM had shown the same trend with the exception of 
the burst which was found to be slightly higher. 
Eucalyptus citriodora bleached kraft and ASAM pulps were of lower tensile and 
tear strengths compared to the unbleached pulps of the same cooks. Burst strength 
is slightly different, the unbleached was the best. This decreasing is mostly caused 
by cellulose structure change, especially viscosity decline (Muladi, et al, 2000). 
Strength properties of the ASAM bleached pulps are still higher than that of 
unbleached kraft pulps. 
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Table 4.33. Acacia seyal var. fistula bleached pulps evaluation compared to 
unbleached 
  Kraft ASAM 
    Unbleached Bleached Unbleached Bleached 
ISO brightness, %  25.9 88.3 53.0 89.9 
Viscosity, ml/g-1  914 700 1112 902 
Kappa No.  21.40 5.8 17.3 4.7 
      
Initial pulp freeness oSR 14.5 15 13.3 14 
Beating time, min ub 0 0 0 0 
 25 56 35 45 38 
 30 80 51 67 57 
Apparent density, g/cm ub 0.43 0.51 0.48 0.51 
 25 0.60 0.64 0.66 0.65 
 30 0.63 0.66 0.67 0.66 
Breaking length, km ub 2.3 2.7 2.5 2.8 
 25 6.2 6.0 7.6 7.6 
 30 6.3 6.3 7.8 7.8 
Runnability factor ub 2.2 3.2 2.6 3.1 
 25 7.5 6.6 7.6 8.3 
 30 7.2 6.8 7.8 8.5 
Tensile index, Nm/g ub 23.0 26.7 24.8 27.1 
 25 61.1 58.7 74.3 74.8 
 30 61.8 61.4 76.7 76.9 
Tear index, mN*m2/g  ub 2.1 3.8 2.8 3.5 
 25 8.9 7.4 9.6 9.0 
 30 8.1 7.5 9.8 9.2 
Burst index, kPa*m2/g ub 1.1 1.3 1.0 1.3 
 25 4.2 3.9 5.3 5.3 
 30 4.3 4.1 5.3 5.8 
Absorption coefficient., m2/kg ub 17.4 0.1 2.6 0.1 
 25 15.8 0.1 2.5 0.1 
 30 15.1 0.1 2.3 0.1 
Opacity 80g/m2, % ub 99.8 83.4 95.2 82.0 
 25 99.6 78.6 91.1 77.0 
 30 99.6 78.2 91.2 76.7 
Light Scattering Coefficient, m2/kg ub 32.9 44.4 42.9 42.6 
 25 25.0 33.5 29.5 31.3 
  30 24.0 32.7 28.9 30.6 
ub – unbeaten 
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Table 4.34. Eucalyptus citriodora bleached pulps evaluation compared to 
unbleached 
  Kraft ASAM 
    Unbleached Bleached Unbleached Bleached 
ISO brightness, %  22.3 88.9 40.0 87.5 
Viscosity, ml/g-1  1129 732 1173 821 
Kappa No.  20.9 6.1 19.6 4.3 
      
Initial pulp freeness oSR 15.5 15.5 14 15 
Beating time, min ub 0 0 0 0 
 25 39 13 24 16 
 30 60 25 35 21 
Apparent density, g/cm ub 0.52 0.56 0.55 0.57 
 25 0.65 0.62 0.67 0.67 
 30 0.64 0.69 0.69 0.69 
Breaking length, km ub 3.4 3.4 3.7 3.4 
 25 7.4 6.4 8.2 7.6 
 30 7.8 7.2 8.6 8.0 
Runnability factor ub 2.5 3.1 3.4 3.5 
 25 7.9 6.8 8.2 7.7 
 30 8.1 7.6 8.7 7.9 
Tensile index, Nm/g ub 33.0 33.1 35.8 33.1 
 25 72.8 63.0 80.8 74.8 
 30 76.9 70.2 84.2 78.3 
Tear index, mN*m2/g  ub 1.9 2.9 3.2 3.6 
 25 8.5 7.1 8.2 7.8 
 30 8.4 8.1 8.9 7.9 
Burst index, kPa*m2/g ub 1.4 1.5 1.4 1.6 
 25 4.2 3.9 4.7 4.4 
 30 4.4 4.4 5.0 4.8 
Absorption coefficient., m2/kg ub 25.6 0.1 3.9 0.1 
 25 17.7 0.1 3.4 0.1 
 30 19.9 0.1 3.3 0.1 
Opacity 80g/m2, % ub 100.0 81.1 96.1 79.5 
 25 99.6 78.2 93.3 76.7 
 30 99.8 76.8 92.7 75.8 
Light Scattering Coefficient, m2/kg ub 36.6 39.6 36.1 38.2 
 25 23.7 32.8 28.3 30.6 
  30 26.1 30.6 27.2 29.3 
ub - unbeaten 
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5. CONCLUSIONS AND RECOMMENDATIONS 
The following conclusions and recommendations could be drawn from the present 
study: 
1. The basic densities of the two Acacia seyal varieties and Eucalyptus 
microtheca were found to be above the average of the usual density range 
for commercial pulp wood, whereas the other three Eucalyptus species 
were within the range. The bark-to-wood ratios of the species were 
acceptable for pulpwood or even less in the Acacias.  
2. General anatomical features of these wood species do not indicate any 
problems in chemical pulping. The fibers of these species were of 
acceptable flexibility coefficients and felting power. Their Runkel's ratio 
was below 1, except for E. microtheca, indicating good pulping.  
3. It could be noticed that two Acacia seyal varieties were of similar 
chemical composition with few differences. They have the same ash and 
silica contents and also the extractive materials were within the normal 
limits for tropical species. They were of high cellulose content and 
acceptable lignin. 
4. The Eucalyptus species were found to be of the same very low ash and 
silica content. Eucalyptus citriodora was of the highest cellulose content 
among the six studied species. E. citriodora and E. tereticornis had 
considerably higher lignin content than that of the Acacias.  
5. Except for E. tereticornis, and to some extent E. camaldulensis and E. 
microtheca, these species were found to respond well to different cooking 
methods to produce pulps of acceptable kappa numbers, and hence easy to 
bleach. 
6. However, ASAM and alkaline-sulphite-AQ cooking methods were of 
interest as these species behave well under them producing pulps of lower 
kappa numbers, somewhat higher yields and fairly good properties. 
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7. Acacia seyal var. fistula and Eucalyptus citriodora were found to be easy 
bleachable to high brightness applying TCF as environmentally friendly 
beaching sequence. Acacia seyal var. seyal is expected also to respond 
well to such bleaching process.  
8. The other three eucalyptses were regarded as not suitable for TCF 
bleaching sequence because of the higher kappa numbers. It did not 
seemed realistic to come down with the required kappa number, due most 
probably to the interference of the phenolics present in the wood, without 
applying harsh pulping conditions. Thus these pulps should be bleached in 
ECF sequence. 
9. Bleached pulps from Acacia seyal and E. citriodora are suitable for fine 
papers. The pulps of the other three eucalypts could be used in papers 
where colour is not important. 
10. It was highly recommended to bear in mind these applications of pollution 
free processes in pulping and bleaching for future planning for pulp and 
paper industry in Sudan since the raw materials respond well to them. 
11. It is also recommended to put more effort in raising wood species that are 
competitive in pulp and paper and other wood industries especially among 
the genus Eucalyptus.  
12. Pulp and paper industry based of these species is expected to be 
technically and economically feasible. The Acacia species grow on vast 
areas of their natural occurrence and could be improved through 
silvicultural practices aiming at sustainable supply for the industry. On the 
other hand the Eucalyptus species show acceptable success in different 
localities. Detailed study is highly recommended. 
13. More efforts are needed to reflect the potentialities of the different fibrous 
raw materials of the country, which were been subjected to extensive 
research work since 1971. 
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ﻡ ﻗﺎﻡ ﺒﻌﺽ ﺍﻟﺒﺎﺤﺜﻭﻥ ﺍﻟﺴﻭﺩﺍﻨﻴﻭﻥ ﺒﺩﺭﺍﺴـﺔ ﺇﻤﻜﺎﻨـﺎﺕ ﺍﻟﺨﺎﻤـﺎﺕ 1791ﺒﺩﺀﺍﹰ  ﻤﻥ ﺍﻟﻌﺎﻡ 
ﻐﻼﻟﻬﺎ ﻓﻲ ﺍﻟﺼﻨﺎﻋﺎﺕ ﺍﻟﻐﺎﺒﻴﺔ ﻭﺘﺤﺩﻴﺩﺍﹰ ﺼﻨﺎﻋﺔ ﺍﻟﻠﺠﻨﻭﺴﻠﻴﻠﻭﺯﻴﺔ ﺍﻟﻤﺘﻭﻓﺭﺓ ﺒﺎﻟﺒﻼﺩ ﻤﻥ ﺃﺠل ﺇﺴﺘ 
ﻭﺘﺄﺘﻲ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﻜﺠﺯﺀ ﻤﻥ ﻫﺫﻩ ﺍﻟﻤﺠﻬﻭﺩﺍﺕ ﺍﻟﺒﺤﺜﻴﺔ ﻭﺘﻁﺒﻴـﻕ ﺃﺤـﺩﺙ . ﺍﻟﻠﺏ ﻭﺍﻟﻭﺭﻕ 
ﻭﻗﺩ ﺘﻡ ﺇﺨﺘﻴﺎﺭ ﺴﺘﺔ ﺃﻨـﻭﺍﻉ . ﺍﻟﻁﺭﻕ ﺍﻟﻤﺴﺘﺨﺩﻤﺔ ﻋﺎﻟﻤﻴﺎﹰ ﻓﻲ ﺇﺴﺘﺨﻼﺹ ﻟﺏ ﺍﻟﻭﺭﻕ ﻭﺘﺒﻴﻀﻪ 
ﺍﻷﺒـﻴﺽ ﺍﻟﻁﻠﺢ ﺍﻷﺤﻤـﺭ، ﺍﻟـﺼﻔﺎﺭ : ﻤﻥ ﺍﻷﺨﺸﺎﺏ ﺍﻟﺼﻠﺩﺓ ﺍﻟﺘﻲ ﺘﻨﻤﻭ ﻓﻲ ﺍﻟﺴﻭﺩﺍﻥ ﻭﻫﻲ 
  .ﻭ ﺃﺭﺒﻌﺔ ﺃﻨﻭﺍﻉ ﻤﻥ ﺍﻟﻜﺎﻓﻭﺭ ﻟﺩﺭﺍﺴﺘﻬﺎ ﻟﺫﺍﺕ ﺍﻟﻐﺭﺽ( ﺍﻟﻁﻠﺢ ﺍﻷﺒﻴﺽ ﺃﻭ ﺍﻷﺨﻀﺭ)
ﺘﺘﻤﺜل ﺍﻷﻫﺩﺍﻑ ﺍﻟﺭﺌﻴﺴﻴﺔ ﻟﻬﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﻓﻲ ﺇﻀﺎﻓﺔ ﺍﻟﻤﻌﺭﻓﺔ ﺍﻟﻌﻠﻤﻴﺔ ﻭﺍﻟﺘﻘﻨﻴﺔ ﺤﻭل ﺇﻤﻜﺎﻨـﺎﺕ 
ﺇﻴﺠـﺎﺩ ( 1: ﻭﺘﻤﺜﻠﺕ ﺍﻷﻫﺩﺍﻑ ﺍﻟﺨﺎﺼـﺔ ﻓـﻲ . ﺍﻟﺨﺎﻤﺎﺕ ﺍﻟﺴﻭﺩﺍﻨﻴﺔ ﻟﺼﻨﺎﻋﺔ ﺍﻟﻠﺏ ﻭﺍﻟﻭﺭﻕ 
ﻁﺭﻕ ﺇﺴﺘﺨﻼﺹ ﺍﻟﻠﺏ ﺍﻟﻘﺎﻋﺩﻴﺔ ﻭﻤﻨﺎﺴﺒﺔ ﻷﻨـﻭﺍﻉ ﺍﻷﺨـﺸﺎﺏ  ﻀﻤﻥ ﺼﺩﻴﻘﺔ ﻟﻠﺒﻴﺌﺔ ﻁﺭﻴﻘﺔ 
ﺇﺴﺘﻨﺒﺎﻁ ﺃﻨﺴﺏ ﻤﺘﻭﺍﻟﻴﺎﺕ ﺘﺒﻴﺽ ﺍﻟﻠﺏ ﺍﻟﺨﺎﻟﻴﺔ ﺘﻤﺎﻤﺎﹰ ﻤﻥ ﺍﻟﻜﻠـﻭﺭ ( 2ﺍﻟﻤﺨﻀﻌﺔ ﻟﻠﺩﺭﺍﺴﺔ؛ ﻭ 
، (ﺠﻨـﻭﺏ ﺸـﺭﻕ ﺍﻟـﺴﻭﺩﺍﻥ )ﺘﻡ ﺠﻤﻊ ﻋﻴﻨﺎﺕ ﺍﻟﻁﻠﺢ ﻤﻥ ﻤﻨﻁﻘﺔ ﺍﻟﻨﻴل ﺍﻷﺯﺭﻕ . ﻭﻤﺭﻜﺒﺎﺘﻪ
ﻥ ﻤﻥ ﻏﺎﺒﺎﺕ ﺸـﺭﻜﺔ ﻭﻋﻴﻨﺘﻴﻥ ﻤﻥ ﺍﻟﻜﺎﻓﻭﺭ ﻤﻥ ﻏﺎﺒﺎﺕ ﺠﺒل ﻤﺭﺓ ﺒﻐﺭﺏ ﺍﻟﺴﻭﺩﺍﻥ ﻭﺍﻷﺨﺭﺘﻴ 
  (.ﻭﺴﻁ ﺍﻟﺴﻭﺩﺍﻥ)ﺴﻜﺭ ﻜﻨﺎﻨﺔ 
 ﻟﻠﻁﻠﺢ 3ﻡ/ ﻜﺠﻡ 296 ﻟﻠﻁﻠﺢ ﺍﻷﺒﻴﺽ ﻭ 966ﻭﺠﺩ ﺃﻥ ﺍﻟﻜﺜﺎﻓﺔ ﺍﻟﻨﻭﻋﻴﺔ ﻷﺨﺸﺎﺏ ﺍﻟﻁﻠﺢ ﻫﻲ 
ﺍﻷﺤﻤﺭ، ﻭﻫﻲ ﺃﻋﻠﻰ ﻤﻥ ﺍﻟﻤﻌﺩل ﺍﻟﻭﺴﻁﻲ ﻟﻸﺨﺸﺎﺏ ﺍﻟﺼﻠﺩﺓ ﺍﻟﻤـﺴﺘﺨﺩﻤﺔ ﻟـﺼﻨﺎﻋﺔ ﻟـﺏ 
  .3ﻡ/ ﻜﺠﻡ596 ﻭ 135ﺃﻤﺎ ﺍﻟﻜﺜﺎﻓﺔ ﺍﻟﻨﻭﻋﻴﺔ ﻷﺨﺸﺎﺏ ﺍﻟﻜﺎﻓﻭﺭ ﻓﻘﺩ ﻭﺠﺩ ﺃﻨﻬﺎ ﺒﻴﻥ . ﺍﻟﻭﺭﻕ
731 
ﻨﺴﺒﺔ ﺍﻟﻠﺤﺎﺀ ﻟﻠﺨﺸﺏ ﻓﻲ ﺠﻤﻴﻊ ﻋﻴﻨﺎﺕ ﺍﻟﺩﺭﺍﺴﺔ ﺘﻘﻊ ﻀﻤﻥ ﺍﻟﻤﻌﺩل ﺍﻟﻤﺴﻤﻭﺡ ﺒﻪ ﻓﻲ ﺼﻨﺎﻋﺔ 
  .ﺍﻟﻠﺏ ﻭﺍﻟﻭﺭﻕ
ﺠﺩ ﺃﻥ ﺠﺩﺭﺍﻥ ﺍﻟﺨﻼﻴـﺎ ﻭﻜﻤﺎ ( ﻤﻡ8.0)ﻤﺘﻭﺴﻁ ﻁﻭل ﺨﻼﻴﺎ ﺍﻷﻟﻴﺎﻑ ﻟﻨﻭﻋﻲ ﺍﻟﻁﻠﺢ ﻜﺎﻨﺕ 
ﺃﻁﻭﺍل ﺨﻼﻴﺎ ﺍﻷﻟﻴﺎﻑ ﻓﻲ ﻨﻭﻋﻴﻥ ﻤﻥ ﺍﻟﻜﺎﻓﻭﺭ ﻜﺎﻨﺕ ﺸﺒﻴﻬﺔ ﺒﺘﻠﻙ ﻓﻲ ﻨـﻭﻋﻲ . ﻗﻠﻴﻠﺔ ﺍﻟﺴﻤﻙ 
ﺨﺭﺘﻴﻥ ﻓﻘﺩ ﻭﺠﺩﺘﺎ ﻗﺼﻴﺭﺓ ﺃﻁﻭﺍل ﺨﻼﻴﺎ ﺍﻷﻟﻴﺎﻑ ﻏﻴﺭ ﺃﻨﻪ ﻭﺠـﺩ ﺃﻥ ﺠـﺩﺭﺍﻥ ﺍﻟﻁﻠﺢ ﺃﻤﺎ ﺍﻷ 
  .ﺍﻟﺨﻼﻴﺎ ﺸﺒﻴﻬﺔ ﺒﺨﻼﻴﺎ ﺍﻟﻁﻠﺢ ﻤﻥ ﺤﻴﺙ ﺍﻟﺴﻤﻙ
ﻤﻘﺎﺭﻨﺔ ﺒﺎﻟﻁﻠﺢ ﺍﻷﺒﻴﺽ %( 5.64)ﺃﺤﺘﻭﻯ ﺨﺸﺏ ﺍﻟﻁﻠﺢ ﺍﻷﺤﻤﺭ ﻤﻌﺩﻻﹰ ﺃﻋﻠﻰ ﻤﻥ ﺍﻟﺴﻠﻴﻠﻭﺯ 
ﻤﻘﺎﺭﻨـﺔﹰ ﺏ % 3.81)ﺠﻨـﻴﻥ ﻠ، ﻟﻜﻥ ﻫﺫﺍ ﺍﻷﺨﻴﺭ ﺃﺤﺘﻭﻯ ﻤﻌﺩﻻﹰ ﺃﻗـل ﻤـﻥ ﺍﻟ %(3.54)
  (.ﻓﻲ ﺍﻟﻁﻠﺢ ﺍﻷﺤﻤﺭ% 1.91
، ﻜﻤـﺎ %(1.0)ﻭﺍﻟﺴﻠﻴﻜﺎ %( 8.0)ﻭﺠﺩ ﺃﻥ ﺃﻨﻭﺍﻉ ﺍﻟﻜﺎﻓﻭﺭ ﺫﺍﺕ ﻜﻤﻴﺔ ﻀﺌﻴﻠﺔ ﻤﻥ ﺍﻟﺭﻤﺎﺩ 
  . ﻭﺠﺩ ﺃﻨﻬﺎ ﺫﺍﺕ ﻤﺸﺘﺨﻠﺼﺎﺕ ﺃﻗل ﻤﻥ ﻨﻭﻋﻲ ﺍﻟﻁﻠﺢ
 ﻋﻠﻰ ﺍﻟﻤﻌﺩل ﺍﻷﻋﻠـﻰ ﻤـﻥ )arodoirtic sutpylacuE(ﺃﺤﺘﻭﻯ ﺃﺤﺩ ﺃﻨﻭﺍﻉ ﺍﻟﻜﺎﻓﻭﺭ 
 sutpylacuE( ﻀﻤﻥ ﺃﺨﺸﺎﺏ ﺍﻟﺩﺭﺍﺴـﺔ ﻭﺠـﺎﺀ ﻨـﻭﻉ ﺁﺨـﺭ %( 2.84)ﺍﻟﺴﻠﻴﻠﻭﺯ  
ﺫﺍﺕ ﻏﻴﺭ ﺃﻥ ﺃﺨﺸﺎﺏ ﺍﻟﻜﺎﻓﻭﺭ ﻋﻤﻭﻤﺎﹰ %(. 3.24) ﺒﺄﻗل ﻤﻌﺩل ﻟﻠﺴﻠﻴﻠﻭﺯ )acehtorcim
  .ﻤﻌﺩل ﻟﺠﻨﻴﻨﻲ ﻋﺎﻟﻲ
ﺍﻟﻜﺭﺍﻓﺕ ﺒـﺩﻭﻥ ﻭﺒﺈﻀـﺎﻓﺔ )ﺘﻡ ﺇﺴﺘﺨﺩﺍﻡ ﺃﺭﺒﻌﺔ ﺃﻨﻭﺍﻉ ﻤﻥ ﻁﺭﻕ ﺇﺴﺘﺨﻼﺹ ﺍﻟﻠﺏ ﺍﻟﻘﺎﻋﺩﻴﺔ 
ﺍﻷﻨﺜﺭﻜﻴﻨﻭﻥ؛ ﻭﺍﻟﺼﻭﺩﺍ ﻤﻊ ﺇﻀﺎﻓﺔ ﺍﻷﻨﺜﺭﻜﻴﻨﻭﻥ؛  ﺍﻟﺴﻠﻔﺎﻴﺕ ﺍﻟﻘﺎﻋﺩﻴﺔ ﺒﺈﻀﺎﻓﺔ ﺍﻷﻨﺜﺭﻜﻴﻨـﻭﻥ 
  )MASA( ؛ ﻭ ﺍﻟﺴﻠﻔﺎﻴﺕ ﺍﻟﻘﺎﻋﺩﻴﺔ ﺒﺈﻀﺎﻓﺔ ﺍﻷﻨﺜﺭﻜﻴﻨﻭﻥ ﻭﺍﻟﻜﺤﻭل ﺍﻟﻤﻴﺜﻴﻠـﻲ )QA-SA(
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ﻋﻠﻲ ﻨﻭﻋﻲ ﺍﻟﻁﻠﺢ ﻭﻨﻭﻋﻴﻥ ﻤﻥ ﺍﻟﻜﺎﻓﻭﺭ ، ﺃﻤﺎ ﻨﻭﻋﻲ ﺍﻟﻜﺎﻓﻭﺭ ﺍﻷﺨﺭﻴﻴﻥ ﻓﻘﺩ ﺘـﻡ ﺇﺴـﺘﺨﺩﺍﻡ 
ﻭﺘـﻡ . ﻓﻘﻁﻁﺭﻴﻘﺘﻲ ﺍﻟﻜﺭﺍﻓﺕ ﻭ ﺍﻟﺴﻠﻔﺎﻴﺕ ﺍﻟﻘﺎﻋﺩﻴﺔ ﺒﺈﻀﺎﻓﺔ ﺍﻷﻨﺜﺭﻜﻴﻨﻭﻥ ﻭﺍﻟﻜﺤﻭل ﺍﻟﻤﻴﺜﻴﻠﻲ 
ﺘﻁﺒﻴﻕ ﻤﺘﻭﺍﻟﻴﺎﺕ ﺘﺒﻴﺽ ﺨﺎﻟﻴﺔ ﻤﻥ ﺍﻟﻜﻠﻭﺭ ﻋﻠﻰ ﺍﻟﻠﺏ ﺍﻟﻤﻨﺘﺞ ﻤﻥ ﺍﻟﻁﻠﺢ ﺍﻷﺒﻴﺽ ﻭﺍﻟﻜـﺎﻓﻭﺭ 
ﺍﻟﻜﺭﺍﻓﺕ ﻭ ﺍﻟﺴﻠﻔﺎﻴﺕ ﺍﻟﻘﺎﻋﺩﻴﺔ ﺒﺈﻀﺎﻓﺔ ﺍﻷﻨﺜﺭﻜﻴﻨﻭﻥ ﻭﺍﻟﻜﺤـﻭل ﻨﻭﻉ ﺴﺘﺭﻴﻭﺩﻭﺭﺍ ﺒﻁﺭﻴﻘﺘﻲ 
  .)P/Q/PO/Q/O(ﻭﺘﺘﻜﻭﻥ ﻤﺘﻭﺍﻟﻴﺎﺕ ﺍﻟﺘﺒﻴﺽ ﻤﻥ ﺨﻤﺱ ﻤﺭﺍﺤل . ﺍﻟﻤﻴﺜﻴﻠﻲ
 ﺒﺎﻟﻨﺴﺒﺔ ﻟﻠﻁﻠﺢ ﺍﻷﺒﻴﺽ ﻓﻲ ﻜل ﻁﺭﻕ 02 ﺤﺩﻭﺩ ﺍل ﻭﺠﺩ ﺃﻥ ﻤﻌﺩل ﺍﻟﻠﺠﻨﻴﻥ ﺍﻟﻤﺘﺒﻘﻲ ﻫﻭ ﻓﻲ 
ﺍﻟﻺﺴﺘﺨﻼﺹ ﻋﺩﺍ ﻋﻥ ﻁﺭﻴﻘﺔ ﺍﻟﺴﻠﻔﺎﻴﺕ ﺍﻟﻘﺎﻋﺩﻴﺔ ﺒﺈﻀﺎﻓﺔ ﺍﻷﻨﺜﺭﻜﻴﻨﻭﻥ ﻭﺍﻟﻜﺤﻭل ﺍﻟﻤﻴﺜﻴﻠـﻲ 
  .1.41ﺤﻴﺙ ﺇﻨﺨﻔﺽ ﺍﻟﻤﻌﺩل ﺇﻟﻰ 
ﻭﺍﻷﻋﻠﻰ ﻫـﻭ %( 2.24)ﺃﻗل ﺇﻨﺘﺎﺝ ﻟﻠﻠﺏ ﻭﺠﺩ ﻓﻲ ﺍﻟﻁﻠﺢ ﺍﻷﺤﻤﺭ ﺍﻟﻤﻨﺘﺞ ﺒﻁﺭﻴﻘﺔ ﺍﻟﻜﺭﺍﻓﺕ 
ﻘﺔ ﺍﻟﺴﻠﻔﺎﻴﺕ ﺍﻟﻘﺎﻋﺩﻴﺔ ﺒﺈﻀﺎﻓﺔ ﺍﻷﻨﺜﺭﻜﻴﻨﻭﻥ ﻭﺍﻟﻜﺤـﻭل ﻤﻥ ﺍﻟﻜﺎﻓﻭﺭ ﺴﺘﺭﻴﻭﺩﻭﺭﺍ ﺍﻟﻤﻨﺘﺞ ﺒﻁﺭﻴ 
، ﻭﻗﺩ ﻟﻭﺤﻅ ﺘﻭﺍﺠﺩ ﻟﺏ ﻏﻴﺭ ﻤﻜﺘﻤل ﺍﻹﺴﺘﺨﻼﺹ ﺒﻤﻌﺩﻻﺕ ﺃﻋﻠﻰ ﻨﻭﻋﺎﹰ %(0.84 )ﺍﻟﻤﻴﺜﻴﻠﻲ
ﺍﻟﺴﻠﻔﺎﻴﺕ ﺍﻟﻘﺎﻋﺩﻴﺔ ﺒﺈﻀﺎﻓﺔ ﺍﻷﻨﺜﺭﻜﻴﻨﻭﻥ ﻭ ﺍﻟـﺴﻠﻔﺎﻴﺕ ﺍﻟﻘﺎﻋﺩﻴـﺔ ﺒﺈﻀـﺎﻓﺔ ﻤﺎ ﻓﻲ ﻁﺭﻴﻘﺘﻲ 
ﻭﻟﻭﺤﻅ ﺃﻴـﻀﺎﹰ . ﺩ ﺍﻟﻤﻘﺒﻭل  ﻭﻏﻴﺭ ﺃﻥ ﺘﻠﻙ ﺍﻟﻤﻌﺩﻻﺕ ﻓﻲ ﺍﻟﺤ ﺍﻷﻨﺜﺭﻜﻴﻨﻭﻥ ﻭﺍﻟﻜﺤﻭل ﺍﻟﻤﻴﺜﻴﻠﻲ 
 ﺃﻓـﺘﺢ ﺃﻥ ﺍﻟﻠﺏ ﺍﻟﻤﻨﺘﺞ ﺒﻁﺭﻴﻘﺔ ﺍﻟﺴﻠﻔﺎﻴﺕ ﺍﻟﻘﺎﻋﺩﻴﺔ ﺒﺈﻀﺎﻓﺔ ﺍﻷﻨﺜﺭﻜﻴﻨﻭﻥ ﻭﺍﻟﻜﺤﻭل ﺍﻟﻤﻴﺜﻴﻠـﻲ 
  .ﻟﻭﻨﺎﹰ
ﻭﺠﺩ ﺃﻥ ﺍﻟﻜﺎﻓﻭﺭ ﻤﻥ ﺍﻟﻨﻭﻉ ﺴﺘﺭﻴﻭﺩﻭﺭﺍ ﻫﻭ ﺍﻷﺴﻬل ﻓﻲ ﺍﻟﻁﺒﺦ ﻤﻘﺎﺭﻨﺔ ﺍﻷﺨﺭﻯ ﺤﻴﺙ ﻜﺎﻥ 
ﻉ ﻓﻲ ﺃﻗـل ﺃﻨـﻭﺍ ( 1.72-9.13)ﻭﻗﺩ ﻜﺎﻥ ﺒﻴﻥ ( 8.31-22)ﻤﻌﺩل ﺍﻟﻠﺠﻨﻴﻥ ﺍﻟﻤﺘﺒﻘﻲ ﺒﻴﻥ 
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ﻭﺠﺩ ﺃﻥ ﻨﻭﻉ ﺍﻟﺘﺭﻴﺘﻴﻜﻭﺭﻨﻴﺱ ﻤﻥ ﺍﻟﻜﺎﻓﻭﺭ ﻫﻭ ﺍﻷﻗل ﻗﺎﺒﻠﻴـﺔ ﻟﻠﻁـﺒﺦ . ﺍﻟﻜﺎﻓﻭﺭ ﻗﺎﺒﻠﻴﺔ ﻟﻠﻁﺒﺦ 
   .ﺤﺘﻰ ﻤﻘﺎﺭﻨﺔ ﻤﻊ ﺃﻨﻭﺍﻉ ﺍﻟﻜﺎﻓﻭﺭ ﺍﻷﺨﺭﻯ
ﻭﺠﺩ ﺃﻥ ﻤﻌﺎﻤل ﺍﻟﺸﺩ ﻓﻲ ﻟﺏ ﺍﻟﻁﻠﺢ ﺍﻷﺤﻤﺭ ﺍﻟﻤﻨﺘﺞ ﺒﻁﺭﻴﻘﺔ ﺍﻟﺴﻠﻔﺎﻴﺕ ﺍﻟﻘﺎﻋﺩﻴـﺔ ﺒﺈﻀـﺎﻓﺔ 
ﻭﺍﻉ ﺍﻟﻠﺏ ﺍﻷﺨـﺭﻯ ﻤﻘﺎﺭﻨﺔ ﺒﺄﻨ ( 7.77-9.07)ﺍﻷﻨﺜﺭﻜﻴﻨﻭﻥ ﻭﺍﻟﻜﺤﻭل ﺍﻟﻤﻴﺜﻴﻠﻲ ﻫﻭ ﺍﻷﻋﻠﻰ 
 ﻓﻴﻤﺎ ﻜﺎﻥ ﻤﻌﺩل ﺍﻟﺸﺩ 1ﻭﻴﻘﺎﺭﺒﻪ ﺫﻟﻙ ﺍﻟﻤﻨﺘﺞ ﺒﻁﺭﻴﻘﺔ ﺍﻟﺴﻠﻔﺎﻴﺕ ﺍﻟﻘﺎﻋﺩﻴﺔ ﺒﺈﻀﺎﻓﺔ ﺍﻷﻨﺜﺭﻜﻴﻨﻭﻥ 
  ﻭﺍﻟﺼﻭﺩﺍ ﻤـﻊ 2ﺍﻷﻗل ﻫﻭ ﻓﻲ ﺫﻟﻙ ﺍﻟﻤﻨﺘﺞ ﺒﻁﺭﻴﻘﺔ ﺍﻟﺴﻠﻔﺎﻴﺕ ﺍﻟﻘﺎﻋﺩﻴﺔ ﺒﺈﻀﺎﻓﺔ ﺍﻷﻨﺜﺭﻜﻴﻨﻭﻥ 
ﻭﺠﺩ ﺃﻥ ﺍﻟﺘﺒﻴﻴﺽ ﻟﻡ ﻴـﺅﺜﺭ ﺒـﺸﻜل (.  ﺒﻨﻔﺱ ﺍﻟﺘﺭﺘﻴﺏ 8.45 ﻭ 9.85)ﺇﻀﺎﻓﺔ ﺍﻷﻨﺜﺭﻜﻴﻨﻭﻥ 
ﻭﺠﺩ ﺃﻴﻀﺎﹰ ﺃﻥ ﺍﻟﻠﺏ ﺍﻟﻤﻨﺘﺞ ﺒﻁﺭﻴﻘﺔ ﺒﻁﺭﻴﻘﺔ ﺍﻟﺴﻠﻔﺎﻴﺕ ﺍﻟﻘﺎﻋﺩﻴـﺔ .  ﻋﻠﻰ ﻤﻌﺩل ﺍﻟﺸﺩ ﻭﺍﻀﺢ
  .ﺒﺈﻀﺎﻓﺔ ﺍﻷﻨﺜﺭﻜﻴﻨﻭﻥ ﻭﺍﻟﻜﺤﻭل ﺍﻟﻤﻴﺜﻴﻠﻲ ﺫﻭ ﻤﻌﺩل ﺃﻋﻠﻰ ﻓﻲ ﻤﻘﺎﻭﻤﺔ ﺍﻟﺘﻤﺯﻕ ﻭﺍﻟﺜﻘﺏ
 ﻭ 1ﻓﻲ ﺍﻟﻁﻠﺢ ﺍﻷﺤﻤﺭ ﻜﺎﻥ ﺍﻟﻠﺏ ﺍﻟﻤﻨﺘﺞ ﺒﻁﺭﻴﻘﺘﻲ ﺍﻟﺴﻠﻔﺎﻴﺕ ﺍﻟﻘﺎﻋﺩﻴﺔ ﺒﺈﻀﺎﻓﺔ ﺍﻷﻨﺜﺭﻜﻴﻨـﻭﻥ 
 ﻫﻭ ﺍﻷﻋﻠﻰ ﻓﻲ ﻤﻌﺩل ﻤﻘﺎﻭﻤـﺔ 2ﺜﺭﻜﻴﻨﻭﻥ ﻭﺍﻟﻜﺤﻭل ﺍﻟﻤﻴﺜﻴﻠﻲ ﺍﻟﺴﻠﻔﺎﻴﺕ ﺍﻟﻘﺎﻋﺩﻴﺔ ﺒﺈﻀﺎﻓﺔ ﺍﻷﻨ 
ﻭﻜﺎﻥ ﻟـﺏ ﻁﺭﻴﻘـﺔ ﺍﻟـﺴﻠﻔﺎﻴﺕ ﺍﻟﻘﺎﻋﺩﻴـﺔ ﺒﺈﻀـﺎﻓﺔ (  ﺒﻨﻔﺱ ﺍﻟﺘﺭﺘﻴﺏ 27 ﻭ 5.27)ﺍﻟﺸﺩ 
ﻭﻟﺏ ﺍﻟﺼﻭﺩﺍ ﻫﻭ ﺍﻷﻗـل ( 2.01) ﺃﻋﻠﻰ ﻤﻘﺎﻭﻤﺔ ﻟﻠﺘﻤﺯﻕ 2ﺍﻷﻨﺜﺭﻜﻴﻨﻭﻥ ﻭﺍﻟﻜﺤﻭل ﺍﻟﻤﻴﺜﻴﻠﻲ 
ﺒﺈﻀﺎﻓﺔ ﺍﻷﻨﺜﺭﻜﻴﻨـﻭﻥ ﻭﻤﺔ ﺍﻟﺜﻘﺏ ﻜﺎﻨﺕ ﺃﻋﻠﻰ ﻓﻲ ﻟﺏ ﻁﺭﻴﻘﺔ ﺍﻟﺴﻠﻔﺎﻴﺕ ﺍﻟﻘﺎﻋﺩﻴﺔ ﺎﻤﻘ(. 5.7)
  (. ﺒﻨﻔﺱ ﺍﻟﺘﺭﺘﻴﺏ4.3 ﻭ 9.4) ﻭﺃﻗل ﻓﻲ ﺍﻟﺼﻭﺩﺍ 2ﻭﺍﻟﻜﺤﻭل ﺍﻟﻤﻴﺜﻴﻠﻲ
ﻟﺏ ﺍﻟﻜﺭﺍﻓﺕ ﻭﺍﻟﻜﺭﺍﻓﺕ ﺒﺈﻀﺎﻓﺔ ﺍﻷﻨﺜﺭﻜﻴﻨﻭﻥ ﻭﺍﻟﺼﻭﺩﺍ ﺒﺈﻀﺎﻓﺔ ﺍﻷﻨﺜﺭﻜﻴﻨﻭﻥ ﻓﻲ ﺍﻟﻜـﺎﻓﻭﺭ 
 ﺒﻨﻔﺱ 7.16 ﻭ 2.57، 9.67)ﺴﺘﺭﻴﻭﺩﻭﺭﺍ ﻫﻲ ﺍﻷﻋﻠﻰ ﻤﻘﺎﻭﻤﺔ ﻟﻠﺸﺩ ﻤﻘﺎﺭﻨﺔ ﻤﻊ ﻟﺏ ﺍﻟﻁﻠﺢ 
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ﺔ ﺒﻁﺭﻴﻘﺘﻲ ﺍﻟﺴﻠﻔﺎﻴﺕ ﺍﻟﻘﺎﻋﺩﻴﺔ ﺒﺈﻀﺎﻓﺔ ﺍﻷﻨﺜﺭﻜﻴﻨﻭﻥ ﻭﺍﻟﺴﻠﻔﺎﻴﺕ ﻏﻴﺭ ﺃﻥ ﺘﻠﻙ ﺍﻟﻤﻨﺘﺠ ( ﺍﻟﺘﺭﺘﻴﺏ
  .ﺍﻟﻘﺎﻋﺩﻴﺔ ﺒﺈﻀﺎﻓﺔ ﺍﻷﻨﺜﺭﻜﻴﻨﻭﻥ ﻭﺍﻟﻜﺤﻭل ﺍﻟﻤﻴﺜﻴﻠﻲ ﺘﻤﺎﺜل ﺒﺸﻜل ﺃﻭ ﺒﺂﺨﺭ ﻟﺏ ﻨﻭﻋﻲ ﺍﻟﻁﻠﺢ
ﺒﻨﻬﺎﻴﺔ ﻤﺭﺍﺤل ﺍﻟﺘﺒﻴﻴﺽ ﻟﻠﺏ ﻁﺭﻗﺘـﻲ %( 9.88 ﻭ 3.88)ﺘﻡ ﺍﻟﻭﺼﻭل ﺇﻟﻲ ﻤﻌﺩل ﻨﺼﺎﻋﺔ 
ﻟﻜﺤﻭل ﺍﻟﻤﻴﺜﻴﻠﻲ ﻓﻲ ﺍﻟﻁﻠﺢ ﺍﻷﺒﻴﺽ ﻭ ﺍﻟﻜﺭﺍﻓﺕ ﻭ ﺍﻟﺴﻠﻔﺎﻴﺕ ﺍﻟﻘﺎﻋﺩﻴﺔ ﺒﺈﻀﺎﻓﺔ ﺍﻷﻨﺜﺭﻜﻴﻨﻭﻥ ﻭﺍ 
  .ﻓﻲ ﺍﻟﻜﺎﻓﻭﺭ ﺴﺘﺭﻴﻭﺩﻭﺭﺍ%( 5.78 ﻭ 9.88)
 ﻓﻲ ﻟﺏ ﺍﻟﻜﺭﺍﻓﺕ ﻤﻥ ﺍﻟﻁﻠـﺢ 419ﻜﺎﻥ ﻫﻨﺎﻟﻙ ﺘﺩﻫﻭﺭ ﻤﻠﺤﻭﻅ ﻓﻲ ﻤﻌﺩل ﻟﺯﻭﺠﺔ ﺍﻟﻠﺏ ﻤﻥ 
ﺝ ﻭﻟﻭﺤﻅ ﺘﺩﻫﻭﺭ ﺃﻜﺒﺭ ﻓﻲ ﻟﺏ ﺍﻟﻜﺭﺍﻓﺕ ﻓﻲ ﺍﻟﻜﺎﻓﻭﺭ ﺤﻴـﺙ / ﻤل 007ﺍﻷﺤﻤﺭ ﻨﺯﻭﻻﹰ ﺇﻟﻰ 
ﻌﺯﻯ ﻫﺫﺍ ﺇﻟﻰ ﺇﺫﺍﻟـﺔ ﺍﻟﻬﻴﻤﻴـﺴﻠﻴﻠﻭﺯ ﺝ ﻭﻴﻤﻜﻥ ﺃﻥ ﻴ / ﻤل 237 ﻨﺯﻭﻻﹰ ﺇﻟﻰ 9211ﻜﺎﻥ ﻤﻥ 
ﻓﻲ ﺍﻟﺏ ﺍﻟﻤﻨﺘﺞ ﺒﻁﺭﻴﻘﺔ ﺍﻟﺴﻠﻔﺎﻴﺕ ﺍﻟﻘﺎﻋﺩﻴﺔ ﺒﺈﻀﺎﻓﺔ ﺍﻷﻨﺜﺭﻜﻴﻨﻭﻥ ﻭﺍﻟﻜﺤﻭل . ﺍﻟﻤﺘﺒﻘﻲ ﻓﻲ ﺍﻟﻠﺏ 
 ﺒـﻴﺽ ﺝ ﻓﻲ ﻟـﺏ ﺍﻟﻁﻠـﺢ ﺍﻷ / ﻤل 2111 ﻨﺯﻭﻻﹰ ﻋﻥ 209ﺍﻟﻤﻴﺜﻴﻠﻲ ﻗل ﻤﻌﺩ ﺍﻟﻠﺯﻭﺠﺔ ﺇﻟﻰ 
  . ﻓﻲ ﺍﻟﻜﺎﻓﻭﺭ ﺴﺘﺭﻴﻭﺩﻭﺭﺍ3711 ﻨﺯﻭﻻﹰ ﻋﻥ 128ﻭ
 
